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The Properties of Cotton Reacted with 
s-Propiolactone 
Robert M. Reinhardt, J. David Reid, and George C. Daul’ 


Southern Regional Research Laboratory,? New Orleans, Louisiana 


Abstract 


A number of the textile and chemical properties of cotton reacted with 8-propiolactone 


have been investigated and are reported. 


Differences in the properties of the products 


of the reflux and of the alkali methods of treatment are shown. 
Reaction of cotton with B-propiolactone yields a cellulose derivative with a bound graft 


polymer. 


The results of this unusual reaction are shown by optical means with micro- 


scopic cross sections and electron micrographs, by changes in X-ray diffraction patterns, 
by influence on textile properties, by chemical effects such as saponification to yield car- 
boxyethylcellulose, and by the production of unsaturation in the cellulose derivative. 


In THE three previous articles in this series [3, 
4, 5], 


8-propiolactone with cotton cellulose. 


the authors have described the reactions of 
The present 
paper describes the textile and chemical properties 
A paper by Nott 
and Grant, of this laboratory, is now in preparation, 


of the resulting treated cottons. 


describing their findings on the physical properties 
of yarns and fibers reacted with the lactone [16]. 
Workers at this laboratory have prepared a num- 
ber of cellulose derivatives in which the fibrous form 
This work has been re- 
viewed by Fisher and a number of possible deriva- 
|7]. use of B- 
propiolactone for the chemical modification of cotton 


of the cotton is preserved. 


tives suggested Interest in the 


arose because of the versatility and potential low cost 


1 Present address, Courtaulds, Inc., Mobile, Alabama. 

2 One of the laboratories of the Southern Utilization Re- 
search Branch, Agricultural Research Service, United States 
Department of Agriculture. The mention of trade names 
and products does not imply their endorsement by the De- 
partment of Agriculture over similar products not mentioned. 


of this relatively new organic reagent and because 
of the improved felting properties obtained on treat 
ment of wool by scientists at the Western Utilization 
Research Branch [11]. Also, the reaction of the lac- 
tone with cellulose is unusual in that following etheri- 
fication or esterification of the cellulosic hydroxyl 
groups, further reaction with the newly added func- 
tional group takes place, resulting in a graft poly- 
merization which can be continued to yield a fiber 
containing almost any desired amount of bound 
polymer. 

The previous articles discuss the course of reaction 
of the lactone with cellul.se and describe two meth- 
ods of treatment, one in an inert organic solvent and 
Neither method 
of treatment was found to be efficient from the view- 


How- 


ever, cotton cloth and thread were reacted with the 


one in the presence of dilute alkaii. 
point of reaction of the lactone with cellulose. 


lactone by both methods in order to obtain material 


for determination of the properties of the modified 





cotton. It is probable that the efficiency of the re- 
action could be improved with further work if the 


product warranted such an investigation. 


Experimental 
Materials and Testing Methods 


The fabrics used were a bleached 80x 80 cotton 
print cloth, weighing 4 o0z/sq yd, and a bleached 
22 


86x 80 lawn, weighing 2.2 oz/sq yd. The threads 


used were a commercially mercerized 7/2 thread 


and a raw cotton 12/5 bag sewing thread. The latter 


was used both unpurified and after extraction of 
impurities with monoethanolamine | 12]. 

Textile properties of cloth and thread were deter- 
mined under controlled conditions of 70°F and 65% 
relative humidity, using methods given in the Ameri- 
can Society for Testing Materials standards and in 
Federal specifications. Breaking strength and elon- 
gation values were obtained on warp strips in which 
the number of yarns was constant. Flex-abrasion 
tests were performed on a Stoll-Quartermaster Uni- 
versal Wear Tester. Air permeability was measured 


with the Permeometer. 


TABLE I. 


Elonga- 
tion at 
Break 
(Warp) 


(%) 


Breaking 
Thick- Strengtht 
(Warp) 


(in.) (Ib) 


0.009 46.6 


Thread 
Weight Count 
Gain 


(%) W F 
79X80 


ness 
Sample 


Blank, untreated 
Reflux Method 


Control 
(xylene) ¢ 

B. P. L.-treated 

B. P. L.-treated 

B. P. L.-treated 

B. P. L.-treated 


Alkali Method** 


Control 

(15% NaOH)tt 
B. P. L.-treated 5.0 
B. P. L.-treated 11.2 
B. P. L.-treated 16.3 


* 80X80 bleached white cotton print cloth. 
+ Measured on 80 yarn strips. 


79x 81 
79 80 
81X80 
84x 83 
86 X 86 


0.009 
0.009 
0.009 
0.011 
0.011 


89x92 
89x 89 
89 x 89 
89 <x 90 


0.010 
0.010 
0.011 
0.011 


48.9 
49.7 
50.6 
49.4 


15.6 
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Treatment by Reflux Method 


Cotton threads were treated with B-propiolactone 
(B. P. L.) in a solvent in boiling flasks fitted with 
reflux condensers in the manner previously de- 
scribed [3, 4]. 


action tube connected to a circulating pump and heat 


Cloth samples were treated in a re- 
exchanger. The cloth was rolled with a piece of 
glass cloth of the same size to allow free passage of 
the solvent and to ensure uniformity of treatment. 
The treated cloth was then removed and extracted 
with acetone to unbound 


thoroughly remove 


polymers. 


Treatment by Alkali Method 


Cotton to be reacted with B. P. L. was soaked in 
sodium-hydroxide solutions, and the amount of the 
solution retained was adjusted in thread by centri- 
fuging and in cloth by passing through pad rolls. 
The caustic-containing cotton was then treated with 
dilute solutions of B-propiolactone for about ¥% hr, 
followed by washing free of the by-product material 
with boiling water [5]. 


Effect of Reaction with B. P. L. on Cotton Fabric * 


Tear Strength 
- Air 
Perme- 
Abrasion — ability 
(Warp) (ft*/min 
(cycles) ft?) 


Flex Cupram- Mois- 

monium ture 

Fluidity Regain 
(rhes) (%) 


2.68 6.3 


Trape- Elmen- 
zoid dorf 
(Warp) (Warp) 
(Ib) (Ib) 


4.7 25 606t—669§ 115 


1402t 
1496t 
1347t 
1183t 


NM mM dO Ww 


t Tested with a load of 3 lb on the bar and of 1} lb on the pressure plate. 
§ Tested with a load of 4 lb on the bar and 1 lb on the pressure plate due to a change in test method. 


Reacted at reflux with a 10% solution of B. P. L. 
* Control sample treated with refluxing xylene alone. 


** Cloth padded to 120% pickup with 15% sodium hydroxide solution, then soaked in dilute solutions of B. P. L 


at 20° C for 30 min. 


in xylene for various periods of time. 


. in xylene 


tt Control sample treated only with 15% sodium hydroxide. 
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Textile Properties of Cotton Reacted with 
8-Propiolactone 

Effect of Reflux Method on Textile Properties 

Samples of cotton print cloth were reacted with 
8-propiolactene by the reflux method to weight gains 
of 4.8 to 47.6%, as indicated in Table I. Textile 
properties of the resultant fabrics were determined 
and compared with the original cloth and a xylene- 
refluxed control. Effect on some of the properties 
is shown in Figure 1. It is evident that the strength 
and abrasion properties under consideration are not 
improved, and in most cases are seriously impaired, 
Part of the loss 
of resistance to tearing and abrasion can be attributed 


by the reaction with the lactone. 


to the effect of refluxing with xylene. , 
Effect of Alkali Method on Textile Properties 
Cotton print cloth was treated by the alkali method 
using 15% sodium-hydroxide solutions and dilute 
solutions of B. P. L. 
5-16% 


generally good, as shown in Table I. 


in xylene. Weight gains of 


were obtained. The textile properties were 
They were not, 
however, significantly improved over the mercerized 
control. Evidently the slack mercerization to which 
the cloth was subjected as part of the treatment con- 
tributed much to the improvement in properties ob- 
tained by this method. The thickness, thread count, 
and high elongation probably could be reduced by 
stretching to original dimensions after treatment. 
The good tear strength is interesting because the 
swelling of fibers by addition of, or reaction with, 
resins usually reduces tear strength. 


Hand. 


is generally soft, with a slight waxy feel, although 


The hand of cotton reacted with B. P. L. 


the samples treated by the sodium-hydroxide method 
are slightly stiffer than those treated by the reflux 
method. \t elevated temperatures all samples be- 
come extremely soft. This thermoplastic effect can 
be attributed to the bound graft polymer in the fiber, 
material reacted with the cellulose, which softens and 
becomes plastic with heat and produces the ex- 
tremely soft hand. A polyester polymer of B. P. L. 
alone melts at about 86°C. 

Air permeability. 
product of a reaction which increases the thread 


As would be expected of the 


count and swells the individual fibers, the air perme- 
ability of the fabrics is greatly decreased by both 
methods of treatment. 
Felting. Purified 
? 


weight gains of 6, 27, 


linters were treated to 


58% 


cotton 
and and subsequently 
tested for felting at the Western Regional Research 


No 


tendency to felt was found in either the control or 


Laboratory, using an Abbott felting machine. 


Fig. 2. Cotton thread treated with 8-propiolactone by the 
reflux method to 35% weight gain. 
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the treated samples ; even when the fibers of a sample 
with 111% weight gain, which exhibited the thermo- 
plastic effect mentioned above, were heated to 120°C 
and subjected to a pressure of 17,000 lb/in* in a 
pellet press, the fibers did not stick together. 

Microscopic properties. Cross sections of cotton 
thread reacted with B. P. L. by the reflux method 
were examined under the light microscope. With 
35% weight gain (Figure 2), the fibers are swollen 
and round. With 88% weight gain (Figure 3), 
the fibers have become swollen so greatly from re- 
action that a cartwheel effect is in evidence from the 
cracks radiating from the centers of the fibers. With 
lower weight gains, the fibers retain their normal 
cross-sectional appearance. It is only with high 
weight gains that the roundness and radial cracking 
of the fibers take place. When stained and cross- 
sectioned, examination indicated that reaction had 
taken place throughout the fiber. The following 
staining technique was used to demonstrate the loca- 
tion of reacted B. P. L. Fibers were soaked in 5% 
lead acetate solution, washed, and exposed to H,S 
to develop the dark color in the reacted regions. 


Fig. 3. Cotton thread treated with 8-propiolactone by the 
reflux method to 88% weight gain. 


(Note radial cracking 
of the swollen fibers.) 
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Fig. 4. Electron micrograph of fiber treated with §-propio- 
lactone by the reflux method to 29% weight gain. 


The surfaces of treated fibers were investigated 
by means of the electron microscope. Examples of 
the surface characteristics are shown in Figure 4, 
which illustrates the surface of a fiber with a rela- 
tively low weight gain. Figure 5 is an electron mi- 
crograph of a cross section of a fiber containing 
125% weight gain introduced by the reflux method. 
The cell-wall thickness is about 8-10, compared 
with 3-4 » of the untreated fiber. It is believed that 
the spongy appearance of the cell wall is due to re- 
moval of unbound polymerized B. P. L. 
specimen preparation. 

In Figure 6, the wax-like bound graft polymer is 
easily seen on the surface of a fiber with a weight gain 
of 69%. This fiber has been thoroughly extracted 
to remove all unbound polymer so that only material 
that is chemically bound to the cellulose molecule 
remains. The possibility of the lactone forming large 
polymeric masses within the fiber and thus resisting 
removal by extraction cannot be overlooked. How- 
ever, the polymer is very soluble in the extracting 
agent and Figure 6 shows the polymer attached to 
the surface of the fiber. 


during 


This polymer would have 
been removed if it were not chemically bound to 
the cellulose. 

Soil resistance. Since the fibers were swollen and 
rounded by reacted lactone, it might seem that sur- 
face roughness would be eliminated, and the product 
would soil less easily than cotton. It was hoped that 
the product might be suitable for use in the cotton 
rug market. 

However, in a practical test on the floor, the 
treated sample soiled much more readily and ¢did not 
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When the 
surface of a treated fiber was examined under the 
electron microscope, as described above, it became 
evident that the surface had not been made unusually 


wash as clean as an untreated control. 


Also, it is believed that 
the waxiness of the fibers, as seen in Figure 6, made 


smooth by the treatment. 


them more difficult to clean. 
Rot Resistance. 
(for example, acetylated and cyanoethylated cot- 


Some cellulose esters and ethers 


tons) have excellent resistance toward microbiologi- 
cal degradation, but the B. P. L.-treated cotton had 
only slightly better resistance than untreated cotton. 
Samples of 12/5 thread with weight gains of 5 to 
27% (reacted by both methods) were tested in a soil 
burial bed [6] for 1- and 2-week periods. Up to 
60% of the breaking strength was retained after 1 
week’s burial but by the end of the second week all 
samples were completely degraded. 

Heat resistance. Treated samples of 12/5 thread 
tested for breaking strength after exposure in an 
oven at 125°C for 15 days showed somewhat better 
strength retention than controls. However, in tests 
carried out for 96 hr at 160°C the treated samples 
were less resistant than the controls. 

Resistance to gaseous nitrogen dioxide. The re- 
sistance of B. P. L.-treated cotton to degradation by 
oxidation was investigated. 
the 
weight gains with B. P. L., 


A series of samples of 


lawn, treated by reflux method to various 


along with a control and 


Fig. 5. Electron micrograph of the cross section of a 
fiber treated with f-propiolactone by the reflux method to 
125% weight gain. 


Fig. 6. Electron micrograph of fiber treated with S-propio- 
lactone by the reflux method to 69% weight gain. 


a blank, were exposed to a mixture of nitrogen di- 
oxide and air in a vacuum desiccator for 6 hr [17]. 
The per cent retentions of original breaking and 
tear strengths are shown in Table II. Increasing 
weight gains give increased protection. 

Treated 80 x 80 print 
cloths and controls were subjected to an accelerated 
The test 
was carried out with intermittent spray to simulate 


Resistance to “weathering.” 
weathering test in the Weather-Ometer. 


The ma- 
the 


outdoor conditions of sunshine and rain. 


chine was run without filters and with spray 


alternating 18 min on and 102 min off. Samples 
with weight gains of 9.8-19.8% retained slightly 
more strength than controls after 10 hr of exposure. 


Moisture regain. As shown in Table I, the mois- 


ture regain of cotton treated by the reflux method 


was markedly reduced. The samples treated by the 


TABLE II. Resistance of B. P. L.-Treated Cotton to 
Nitrogen Dioxide Gas Degradation 


Strength Retained 
after Exposure to N2O,* 
Breaking lear 

Strength Strength 
Material Exposed (%) (% 


Blankt 

Controlf 

B. P. L.-Treated, 3.7% wt. gain 
B. P. L.-Treated, 9.1% wt. gain 
B. P. L.-Treated, 18.4% wt. gain 
B. P. L.-Treated, 29.1% wt. gain 


48.3 
40.8 32.1 
45.3 34.8 
62.6 66.6 
70.6 81.3 
82.2 81.3 


wwe 
41.0 


* Samples exposed to nitrogen dioxide-air mixture for 6 hr. 
+ Untreated lawn. 
¢ Lawn refluxed in xylene alone. 
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sodium-hydroxide method, however, show the effect 
of mercerization, and the moisture regain is greater 
than that of untreated cotton. Determinations were 
made on samples conditioned at 70°F and 65% rela- 
tive humidity. 


Change in Chemical Properties of B. P. L.- 
Reacted Cotton 


Degree of Polymerization 


The effects of B. P. L. on the degree of polymeri- 
zation, as shown by cuprammonium fluidities, are 
summarized in Table I. There seems to be no ap- 
preciable difference due to method of application. 
The figures for the determinations of cuprammonium 
fluidities given in Table I are based on cellulose con- 
tent by allowing for the gain in weight of reacted 
samples. 


Graft-Polymer Chain Growth 


In previous papers in this series it has been pointed 
out that, after reaction with the cellulosic hydroxy] 
to form the carboxyethyl ether or the hydroxypro- 
pionic acid ester, the B. P. L. may react even more 
readily with the free carboxyl or hydroxyl groups 
of the newly attached substituents. This reaction 
may continue to build up graft polymers or bound 
polyester chains attached at one end to the cellulose 
molecule. This graft polymer imparts to the cotton 
certain properties such as the waxlike feel and the 
thermoplastic effect mentioned above. 

The cracks apparent in the cross sections of Figure 


3 are believed to be due to pressures exerted by the 
buildup of these graft polymers within the fiber. 
Fibers with weight gains of more than 200% have 
been obtained even after thorough removal of un- 
bound material [4]. 


This can best be explained as 
graft-polymer buildup, since a weight gain of 135% 
would be equivalent to the addition of one 
for each hydroxyl of the anhydroglucose units. 


group 

Fur- 
thermore, when the difficulty of reaction in the crys- 
talline areas is considered, it is evident that graft 
polymerization must account for the high weight 
gains. 


Changes in Fine Structure 


Change in fine structure of cotton fibers due to 
reaction with B. P. L., was investigated by means 
of X-ray diffraction tracings. 

The X-ray tracings show that, with the reflux 
method, for lower weight gains (29%) there is 
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little change in the crystalline regions of the cellulose, 
and, therefore, reaction takes place almost entirely 
With a sample of 178% 
weight gain there was an appearance of a new peak 


in the amorphous regions. 


at 20 = 20.6° and a lowering of the normal cellulose 
I peaks. The new peak appeared at the same loca- 
tion as a peak for a polymer made from B. P. L. 
alone; the lowering of the normal cellulose I peaks 
was probably due to the dilution effect caused by the 
large added weight. 

Very different results were obtained with cotton 
reacted with B. P. L. by the alkali method. The 
control showed the usual diffraction pattern of par- 
tially mercerized cotton. However, a sample with 
a 25% weight gain showed a pattern with no crys- 
talline peaks—completely different from that of the 
partially mercerized control. 
of B.. P. 1. 


place also in the crystalline areas and prevents 


Apparently reaction 
with the swollen soda cellulose takes 
restoration of the normal crystalline lattice on re- 
moval of the reactants. 


Preparation of Carboxyethylcellulose from B. P. L.- 
Treated Cotton 


The graft polymers such as Cell—O—(CH2CHo2- 
COO),.H or Cell—O—COCH.2CH20—(CH2CH»- 
COO),H may be saponified with dilute aqueous so- 
dium hydroxide [3, 5]. Ester groups are cleaved 


and removed but the ether groups are stable to 


alkali and remain. Thus, saponification of B. P. L.- 
treated cotton yields carboxyethylcellulose of low de- 
grees of substitution. 

The carboxyethylcellulose produced may be used 
as an ion-exchange fiber in the same manner as has 
been proposed for phosphorylated or other chemi- 
cally modified cottons [9], but its use is limited in 
the present case by the solubility of the sodium salt 
of carboxyethylcellulose at relatively low degrees of 


substitution. and 


Using the method of Hoffpauir 
Guthrie [10], based on the work of Gregor and 
Bregman [8], the pKa was found to be 4.6. That 
is, in the presence of excess sodium chloride the pH 
is 4.6 at the equilibrium point where half of the mate- 
rial is present as the sodium salt and half as the 
acid form. The change of pH with salt form is 
shown graphically in Figure 7. The curve closely 
approximates the corresponding curve obtained with 
carboxymethylcellulose [10] and is further confir- 
mation that the material obtained by saponification 
is carboxyethylcellulose. The isolation of carboxy- 
ethylcellulose on saponification is evidence that the 
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B. P. L. actually reacts with the cellulose rather than 
merely polymerizes within the cotton fiber. 


Production of Unsaturated Cellulose 


Several patents have been issued on the introduc- 
tion of unsaturation into reaction products of B- 
propiolactone [13, 14, 15]. In one [14], the linear 
polyester is dehydrated to form the alpha-beta un- 
saturated acrylic acid. Accordingly, B. P. L.-treated 
15.8, 34.5, and 
35.8%, along with a control, were refluxed in xylene 
for 3 hr, using a Stark and Dean trap to remove 
the water formed in the reaction. 


cotton with weight gains of 8.3, 


Bromine absorp- 
tion was measured before and after dehydration. 
The values before dehydration were 0.48, 0.03, 0.10, 
and 0.40%, 1.22, 1.41, 1.65, and 
2.14% The control absorbed 
0.76% bromine before dehydration and 1.01% after. 
The increase in bromine absorption is probably due 


respectively, and 
after dehydration. 


to the production of unsaturated groups in the hydra- 
crylic acid ester groups attached to the cellulose 
molecule. 


Effect of Other Treatments on B.P.L.- 
Reacted Cotton 


ise of “rease roo fi 1 Resi Ss 
l . < proofing Resin 


Greatly increased receptivity of creaseproofing 
resins has been found with some modified cottons, 
notably partially cotton [2]. 


The effect of such resins was tried with B. P. L.- 


carboxymethylated 


modified cotton by application of methylol melamine 
resin HP) to B. P. L.-treated 80x 80 
white cotton fabrics treated by the sodium hydroxide 
method with three different weight gains. 


(Resloom 


Three 
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Fig. 7. Titration curve of saponified B. P. L. reacted 
cotton (carboxyethylcellulose), plotting pH vs. per cent salt 
form in the presence of excess sodium chloride. 


concentrations of methylolmelamine were applied 


from aqueous solutions containing 5° Monsanto 
Catalyst AC (based on weight of resin). The sam- 
ples were dried on pin frames at 60°C for 5 min 
and then 150°C for 3 The 


laundered to resin 


cured at min. cloth 


was then and 
Results were good but not superior to those 


obtained on 


remove surface 
tested. 
resin treatment of the control 
The latter had been treated with 20% 


droxide but not with B. P. L. 


cloth. 
sodium hy- 
This was essentially 
a slack mercerization previous to a resin treatment, 
which corresponds somewhat to the 
Tootal Broadhurst Lee process [18]. 


shown in Table III. 


well-known 
Results are 
Unlike the carboxymethylated 
cotton, it was necessary to catalyze the polymeri- 
zation of methylol melamine and methylol urea when 
applied to B. P. L.-treated cotton. 


Dyeing 


Samples of 80 x 80 white cotton print cloth reacted 
with B. P. L. to about 15% weight gain by both the 
sodium hydroxide and reflux methods, along with 
samples of untreated cloth, a control cloth treated 
with 15% sodium hydroxide, and a sample of treated 
cloth which had been saponified were tested for their 
dyeing properties with representative dyes. 

The B. P. L.-treated cloth could be dyed with an 
acetate dye, Calcosyn Brilliant Scarlet BN (Pr. 244) 
[1], but the other samples were not receptive to the 
dye. In the case of the saponified material, the 
saponification had removed the ester groups, leaving 
only the carboxyethyl groups, which have little af- 
finity for acetate dyes. 

A direct cotton dye, Chlorantine Fast Blue 4GL 
(C.1. 533) [1], dyed the cotton treated with B. P. L. 
by the sodium hydroxide method and the correspond- 
ing control a deep blue and the untreated cloth and 
the saponified material a light blue, but the sample 
treated with B. P. L. by the reflux method resisted 
the direct dye almost completely. 

Dyeing with a basic dye, Methylene Blue 2B (C.I. 
922) [1], showed the blank and control to be re- 
sistant. The saponified sample dyed slightly better, 
while the B. P. L.-treated samples were very recep- 
tive to the dye. 


General Consideration of Cotton Reacted with 
eS 


Although the reaction of cotton with B. P. L. is 
of considerable interest, no single outstanding im- 
proved property has been discovered. 





The current cost of the reagent is relatively high; 


the efficiency of the reaction is low; and a consider- 
able amount of care and control would be required 
With the reflux 
method flammable organic solvents, new to the tex- 


with either method of treatment. 


tile industry but widely employed elsewhere, are 
used. With the alkali method great care must be 
exercised to avoid too rapid, and therefore possibly 
explosive, polymerization of the lactone. Also, in a 


recent publication, British researchers have estab- 
lished, in experiments with mice, that the reagent is 
carcinogenic |19]. Therefore, it would seem that 
practical application, if warranted, would be largely 
contingent upon the ability of research to surmount 


these difficulties. 
Summary 


A number of the textile and chemical properties of 
cotton threads and fabrics modified by reaction with 
B-propiolactone have been examined. Changes in 
weight, thread count, thickness, breaking strength, 
tear strength, flex abrasion, and similar properties 
have been observed. In general no improvements 
over the control samples were noted. Felting and 
soil resistance were not improved. Microscopical 
examination showed that the added material had im- 


pregnated the fiber, in many cases swelling it to or 


TABLE III. 
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beyond the bursting point. Although polymerized 
8-propiolactone is extremely soluble in acetone and 
the samples of treated cotton were thoroughly ex- 
tracted, the electon microscope showed thick masses 
on the surface of the fibers, indicating that the mate- 
rial was a graft polymer with part of the molecule 
reacted with the cellulosic hydroxyl groups. Resist- 
ance of treated cotton to rotting, heat, gaseous nitro- 
gen dioxide, and simulated weathering was generally 
slightly better than controls but was not excep- 
tionally good. Fluidity determinations showed the 
degree of polymerization of the cellulose chains to 
be only slightly affected. 
indicated that the reaction by the reflux method took 


X-ray diffraction patterns 


place almost entirely in the amorphous regions for 
By the alkali method the 
reaction takes place also in the crystalline areas. 
The 
hydracrylic acid ester of cellulose could be dehydrated 
Fin- 


ishing with creaseproofing resins gave no exceptional 


the lower weight gains. 
Saponification yielded carboxyethylcellulose. 
to yield an unsaturated derivation of cellulose. 
results. Dyeing characteristics of the reacted cotton 
were changed in that the material could be dyed with 
acetate as well as direct dyes. 

Because cotton treated with 8-propiolactone has 
no outstanding advantage and because the treating 
process may be costly and possibly hazardous, it is 


Properties of Cotton Cloth Modified by Reaction with 8-propiolactone and 


Treated with Methylol Melamine 


Property Blank* 
No Methylol Melamine (Controls) 
Wrinkle recovery (degrees) 88 
Tear strength (Elmendorf, Ib) 23 
Flex abrasion (cycles)f 593 


5.5% Methylol Melamine 
Wrinkle recovery (degrees) 
Tear strength (Elmendorf, Ib) 
Flex abrasion (cycles)t 


11.0% Methylol Melamine 
Wrinkle recovery (degrees) 
Tear strength (Elmendorf, Ib) 
Flex abrasion (cycles)t 


15.7% Methylol Melamine 
Wrinkle recovery (degrees) 
Tear strength (Elmendorf, Ib) 
Flex abrasion (cycles) 


* The blank is untreated 80X80 cotton print cloth. 


Cloth Treated with B. P. L. 
(% weight gain) 


Controlt 


19.3% 


90 : 88 
3, . bit 


. é.4 
1444 1368 


116 
Re 
580 


128 
1.4 
198 


+ The control has been treated with 20% sodium hydroxide solution only (‘‘slack mercerization”’). 


¢ Tested with a load of 4 lb on bar and 1 lb on plate. 
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concluded that the practical application of the re- 
action is dependent upon the ability of research to 
overcome these shortcomings and difficulties. 
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The Relation between Wool Felting and 
Single-Fiber Properties 


A. K. van der Vegt and G. J. Schuringa 
Centraal Laboratorium T.N.O., Delft, Holland 


Introduction 


It is a well-known fact that the felting of wool is 
in the first place caused by the difference between 
the coefficients of with-scale friction and antiscale 
friction, », and p,, respectively. As to the quanti- 
tative relation between felting and the frictional prop- 
erties, several combinations of », and p, have been 
suggested as being significant for felting, e.g., 
(2 — pi) / pas [ref 13] > (he — Hi) / (He + oy), [ref 


10]; fie — Pay [ ref Zz J. tz]: ] ._ 1 poy [ ref oy i 
and 1(p, + p,), [ref 6]. Though most of these com 
binations are purely empirical, the last two have been 
introduced on a theoretical basis which in both cases 
is, however, very disputable [16]. In most cases the 
scatter of the results is such that no decision can be 
made with reference to the question of which of the 
expressions yields the best correlation with felting 


[12]. 
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Second, the elastic properties of the fiber play an 
important part in felting [9, 14]. Here too several 
specific quantities have been mentioned, e.g., the ex- 
tensibility [14], the recovery power [14], the work 
for extension [2], and the resilience [2]. 

In the present investigation the quantitative influ- 
ences of friction and elasticity on felting have been 
studied on the basis of measurements of shrinkage 
as a function of the forces applied. 

In a previous publication [15], an apparatus was 
described by means of which the felting of wool 
yarns could be measured as a function of the applied 
hydrodynamic force. The shrinkage was expressed 
by means of the two parameters, viz., the initial 
shrinkage per period s§ and the final limit of shrinkage 
S~.- From the measurements it appeared that below 
a certain rate of shaking m, no shrinkage occurred at 
all, for n > n,, § was proportional to (nm — n,) up 
to a second critical value n,, where ¢ became much 
less dependent on ». The limit of shrinkage s,, ap- 
peared to be zero for n < n, and, for the untreated 
yarn, approximately constant at 70% for n> ny. 
Experiments performed on yarns with a different 
amount of twist revealed that with increasing twist 
the threshold n, shifted toward higher values of n. 

From these observations the assumption was made 
that the hydrodynamic force acting on the fibers in 
the yarn corresponding to n, equals the with-scale 


frictional force R, while the force at n, equals the 


Yj; 


YY Fig. 1. Essential parts of 
yp : the apparatus for fiber 


friction. 
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antiscale friction R,. Moreover, it could be shown 
that the fiber displacement per period is proportional 
This fact 
suggests that the displacement is determined by the 
deformation which the fiber attains under the influ- 
ence of the 


to the resulting force acting on the fiber. 


resulting force and thus by its 
extensibility. 

These suppositions have now been tested by per- 
forming experiments on yarns in which the frictional 
and elastic properties have been modified. These ex- 
periments will be described in the present paper. 
One series of tests has been performed on a number 
of yarns in which the coefficients of. friction were 
modified to various degrees by chemical treatments ; 
in another series the fiber stiffness was systematically 
varied by applying aqueous solutions. 

First this paper deals with the apparatus used to 
measure the single fiber properties under discussion ; 
second the resu!ts of both series of experiments are 
reported. 


Measurement of Fiber Friction 


The single-fiber friction is measured by means of 
a modification of the fiber-twist method, introduced 
by Lindberg and Gralén [4]. These authors twisted 
two fibers a certain number of times, m, under an 
angle, 8. The forces acting on the fibers were varied 
until slip occurred. In the present method the forces 
are kept constant and the twist is varied, which al- 
lows the apparatus to be simpler. 

Two fibers are suspended, as indicated in Figure 
1, under equal loads P,. By rotating the shaft A the 
fibers are twisted. When the twist is high enough, 
Now the twist 
is decreased until slip occurs at a number of turns 


the weight at F is increased to P,. 
m,, the corresponding twist angle being £,. It can 


be shown that the coefficient of static friction is 


given by 
fe = (In P, P;) (3718;) (1) 


During the slipping movement of the right-hand 
fiber, the spring G is being elongated until the kinetic 
friction stops the movement. In principle it is pos- 
sible to calculate the coefficient of kinetic friction from 
the fiber displacement and the stiffness of the spring. 
This is, however, rather tedious, and therefore a dif- 
ferent method is followed. After the first slip the 
twist is decreased again until a second slip occurs at 
m, with the angle 8,. Now equation 1 can again be 
applied, so that the unknown tension of the spring 
can be eliminated, which results in the relation 
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m= s(1 + mis ) (2) 
Ms 2 mB, 

If the left-hand fiber is suspended with its root 
end downward and the right-hand one in the oppo- 
site direction, then the frictional coeffi- 
cient$, wi, and 4,, are measured in the way described 
above. 


with-scale 


In order to determine po, and pox, a similar 
procedure is followed; now the initial tensions are 
both P., and after twisting, the tension at FE is de- 
creased to P;. The same equations remain valid. 

In order to enable measurements in liquids, the 
apparatus is provided with a cylindrical glass vessel 
which can slide up and down along the shaft A and 
which rotates together with this shaft. 


Measurement of Fiber Elasticity 


The stiffness of the single fiber is determined by 
means of forced longitudinal vibration, the fiber 
being provided with an auxiliary mass, viz., the mo- 
ment of inertia of the bar C (Figure 2). A gramo- 
phone cutting head A excites the fiber F via the pen 
The 


fiber is kept under tension by means of the balance 


B and is fed by an audiofrequency oscillator. 


system D, which may be arrested by the screw H. 
The fiber tension is determined by the weight K. 
The whole fiber can be immersed in a liquid. Reso- 
nance is detected by observing the amplitude of the 
top end of C via a low-power microscope. 

By using this apparatus the stiffness of a fiber in 
a certain liquid relative to that in water can be ascer- 
tained by taking the square of the resonance fre- 
quency ratio. A difficulty may arise due to the fact 
that the stiffness is not entirely independent of the 
fiber tension. At too small tensions the crimp may 
not yet be removed entirely ; at too high tensions the 
both 


By measur- 


apparent yield value may be surpassed. In 
cases a too small stiffness is measured. 


ing in each liquid applied the resonance frequency 


at a few different tensions, reliable results are 


obtained. 


F 


Schematic representation of the apparatus for 
measuring the Young’s modulus of fibers. 


Fig. 2. 


Felting and Friction 


Parts of the standard sample, a 3-ply knitting 
yarn of 62* grade wool, were treated in several ways. 


The samples thus obtained are listed below. 


Eo Untreated 

FE, Treated by chlorination at pH 3.5 
tive chlorine 

FE, Treated by chlorination at pH 8.5; 4° 
tive chlorine 
Treated with 0.1 


N acetic acid 


M mercuric acetate in 


Degreased by extraction 
Degreased by extraction ; 
8.5: 4% 


chlorinated at pH 
active chlorine 

Degreased by extraction; chlorinated at pH 
3.5; 4% active chlorine 

Degreased by extraction ; treated with 0.1 M 
mercuric acetate in 0.1 N acetic acid 
Treated by chlorination at pH 5.5; 

tive chlorine 

Treated by chlorination at pH 

tive chlorine 

Treated by chlorination at pH 

tive chlorine 

Treated by chlorination at pH 

tive chlorine 

Treated by chlorination at pH 7.5; 8° 

tive chlorine 

Treated with 0.1 M mercuric acetate in 0.1 N 


acetic acid 


Though, according to this scheme, some treat- 
ments are identical, small differences in the circum- 
stances during the treatment (temperature and time 
of action) often give rise to deviation of the results, 
so that the yarns mentioned all behave differently. 
A more detailed description of these circumstances 
will not be given because the aim of the chemical 
treatments has not been to study the nature of the 
action of the various agents on wool but only to ob- 
tain a series of yarns with diverging frictional 
properties. 

On these yarns, shrinkage tests at various rota- 
tional speeds were performed, with the aid of the 
apparatus described in reference 15. Each time four 
yarns of the same sample were tested simultane- 
ously, the initial rate of shrinkage was determined 
from the average behavior. The results obtained in 
this way are recorded in Table I. 
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aA 


25 10°7%/turn 


200 250 300 rpm 


Fig. 3. Determination of characteristic values of rota- 
tional speed, m and ne, from the S-n plot for three different 
yarns. 


As has been pointed out in the introduction, two 
critical values of m may be expected, namely, the 
intersection of the §-n plot with the n-axis (m9) and 
the value of n at which the curve bends off (,). 
The determination of these values is demonstrated in 
Figure 3 for the yarns Eo, E,, and E;. The other 
results have been omitted in order not to overcrowd 
the graph. It appears that in some cases the straight 
part of the curve is very small so that extrapolation 
of this part toward the n-axis is rather difficult. The 
spreading of the points causes an uncertainty in the 


determination of both mp and n,. Nevertheless, for 
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each yarn these two quantities have been estimated ; 
the results have been collected in the lower part of 
Table I. 

The limit of shrinkage has only been determined 
incidentally ; it appears that for most yarns the limit 
at high speeds lies between 60 and 70%, but the re- 
gion of m in which the limit rises from zero to its 
maximum value is, in general, much greater than 
that for the untreated yarn. 

From the fourteen yarns under investigation, sin- 
gle fibers were taken, and the friction was measured 
in distilled water. 

On one and the same pair of fibers, five or more 
measurements in both directions were performed ; of 
the untreated sample, ten pairs of fibers were tested, 
The 
average values of the coefficients of friction of each 
pair of fibers are collected in Table II, in which the 
final averages of the samples are also recorded. 


and of each of the other samples, five pairs. 


It appears that the coefficients of friction in the 
with-scale direction show, in general, a smaller 
spreading than those in the antiscale direction. For 
some of the yarns, however, the deviations in p; are 
considerably greater than for the untreated sample, 
which is obviously due to an inhomogeneous distri- 
bution of the chemical attack on the fibers in the 
yarn. 

In order to investigate the validity of the hypothe- 
sis concerning the relation between the coefficients 
of kinetic friction and the critical values of n, the 
values found for mo, 11, ix, and po, for each yarn 


TABLE I. Initial Rate of Shrinkage § (10-?%/Turn) of Treated Yarns as a Function of Rotational Speed n (rpm) 


Eo Ey E, E; Ey E; 


0.1 2 0.3 0.3 
1.5 2.0 
4.0 4.6 


7.2 7.1 


10.0 


17.0 


E,\ E; Es Ey 
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Exo 


0.6 
0.9 


Ey 
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Ex 
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0.7 
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1.6 
1.9 
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TABLE II. Coefficients of Friction of Fibers from Treated Yarns 


Mek Mis Mik Mes Mek 
0.16 0.71 0.58 Ey 0.54 0.47 Ey 
0.17 0.78 0.65 0.88 0.72 
0.16 0.59 0.55 0.70 0.54 
0.17 0.48 0.43 ‘ 0.78 0.64 
0.16 0.64 : FE , 0.72 0.59 
0.17 0.52 Av LZ : 0.72 0.59 
0.15 0.66 
0.17 0.58 
0.22 0.82 
0.15 0.66 
0.17 0.64 
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have been combined in Table III and in Figure 4. of determining mo and n, from the s-n curve which 
It appears from Figure 4 that a reasonably good is drawn through spreading points. 

correlation exists between the values for p, and for When the coefficients of correlation are calculated, 

n. A closer fit of the experimental points to a single 

curve can hardly be expected if one considers first /Me205* Mk 


7 P2200 (004) 


the spreading in the experimentally found coefficients “y 


of friction and second the often rather arbitrary way 


TABLE III. Characteristic Values of » and 
Coefficients of Kinetic Friction 


Mik Mek 
0.55 
0.64 
0.52 
0.58 
0.59 
0.84 
0.66 
0.65 
0.53 


0.62 ‘ 
0.52 06 08 10 


many 
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0.54 Fig. 4. Correlation between characteristic values of rota- 
0.41 tional speed m and m, and coefficients of kinetic friction ws 
0.49 and ux, for fourteen yarns 
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the values of r; == 0.86 and rz = 0.85 are found for 
the correlations between py, and mp and between pox 
and m,, respectively; for the combined results r 
= 0.96 is obtained. 

The straight line which fits best to the measuring 
points of Figure 4 has the equation 


n = 200(p — 0.04) 


This line, however, does not pass through the origin 
so that it cannot be generally valid. An equally good 


fit is obtained by the curve with the equation 
"= 209°”'* 


which is considered a better representation of the 
true relation between p and n. 

The deviation from exact proportionality is too 
small to justify a thorough discussion of the question 
whether this deviation is due to nonproportionality 
between the hydrodynamic force and the rate of 
shaking or to other causes. 

It may be concluded that the results of the experi- 
ments with the treated yarns confirm the hypothesis 
about the influence of the coefficients of friction on 
felting. 

Felting and Elasticity 


Since it is a well-known fact that the stiffness of 
wool fibers depends on the medium in which it is 
measured, the use of aqueous solutions offers a sim- 
ple possibility to study the influence of fiber elasticity 
on felting. 

Several inorganic salts increase the stiffness; the 


most effective ones in this respect appear to be cal- 


Ratio of Fiber Extensibility in Several 
Solutions to that in Water 


TABLE IV. 


Fiber 1 
1.00 


Fiber 3 
1.00 


Fiber 2 
1.00 


Agent 
Water 


Mean 
1.00 


HCOOH 04M a 1.2: 
1.1M t- 1.46 
2.2M 1.86 
3.3M 2.40 


44M 2.60 


5M 2 1.24 
10M 1.38 


0.9M 
1.8M 
2.7M 
3.6M 
4.5M 


0.83 
0.66 
0.53 


0.79 
0.66 
0.57 
0.50 
0.47 


5M 4 0.78 
5M 5 0.60 
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TABLE V. Shrinkage, ¢ (10-?%/Turn), in Various 
Solutions as a Function of 


n 
(rpm) 30 40 53 63 77 90 102 


Water _ 2. a. 43.38 17 93 WS 


Agent d§/dn 


0.139 
HCOOH 04M 6.0 
1.1M 5.9 
2.2M f 8.1 
3.3M 3. 9.9 
4.4M 11.0 


12.5 15.4 
12.6 18.0 
14.5 23.7 
16.9 22.6 
18.3 24.8 


0.192 
0.224 
0.257 
0.278 
0.302 


11.0 
13 


14.8 
16.8 


0.173 


5M 3: . 
7 0.194 


10M 


0.9M 
1.8M 
2.1M 
3.6M 
4.5M 


n 


0.099 
0.066 
0.050 
0.044 
0.042 


mNNhM WN 
° we Ee 
= 


MgCl. 


— 


0.115 
0.058 


0.3M ‘ 3. 8.. a. 
0.6M 12.0 
1.2M 10.1 


Sucrose 0.137 


0.144 
0.140 


Formic acid 
and urea, on the other hand, give rise to a lower 


cium chloride and magnesium chloride. 

stiffness compared with that in water. Therefore 
the four agents mentioned were applied in various 
concentrations in order to the 


verify suggested 


relation. 

In each series of solutions, three fibers were inves- 
tigated. The results of these measurements are col- 
lected in Table IV; this table contains the values of 
Ewater/E, which denotes the extensibility or the re- 
ciprocal of the stiffness, relative to that in water. 

The differences between the values obtained for 
E,,/E between the three fibers are very small though 
there- 
fore the data obtained on this small number of fibers 


the fibers differed considerably in thickness ; 


seem sufficiently representative for the elastic be- 
havior of the wool in the applied solutions. 

Shrinkage tests were performed on the untreated 
yarn Eg in the solutions mentioned. 

Since only the slope of the first straight part of the 
§-n-curve is to be known, the shrinkage was only 
determined at the lower speeds. At each speed in 
each solution two or four yarns were shrunk simul- 
taneously ; the average results are recorded in Table 
V, together with the graphically determined slopes 
ds/dn. 


namely the shrinkage in some of the calcium chlo- 


Figure 5 represents only part of the results, 


ride and formic acid solutions and in water. 
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In order to investigate to what extent the measure- 
ments of ds/dn are influenced by the viscosity and 
the density of the applied solutions, tests have also 
been performed in sucrose solutions in which the 
fiber extensibility appeared to be unaffected. Since 
the viscosity and the density of these sucrose solu- 
tions are comparable to those of the other liquids 
used, the results indicate that the influence of these 
properties may safely be neglected. 

For each applied solution the values of the slope 
of the §-n-curve and of the relative fiber extensibility 
are now known and these values, shown in the last 
columns of Tables IV and V, are plotted against each 
other in Figure 6. 

In this graph a straight line has been drawn 
through the origin and the point representing the 
measurements in water. This straight line is a first 
approximation of the real empirical relationship. 
The data obtained by means of formic acid form an 
oscillating curve about this line; those of CaCle devi- 
ate systematically ; the two points representing tests 
in urea fit the straight line closely, and the data ob- 
tained in MgCls are too few to show a systematic 
behavior if any. 

The hypothesis concerning the proportionality be- 
tween the slope of the §-n-curve and the fiber exten- 
sibility is essentially confirmed by these results; 
though the fit of the experimental points to the 
straight line through the origin is not ideal, this line 


does represent the average relationship. The devi- 


50 100 rpm 


Initial shrinkage per turn, S$, as a function of rate 
of shaking m in various solutions. 


Fig. 5. 


n~ 
dS/dn 
O3F 10-2% min/turn? 


© water 

© formic acid 

® urea 

® calcium chloride 
@ magnesium chloride 


1 


Fig. 6. Relation between slope ds/dn and relative fiber 
compliance Ew/E. 


ations which occur cannot be interpreted without 


performing a deeper study; several factors may play 


a part in complicating the real behavior. 


Discussion 


From the observations described above, the fol- 
lowing picture of wool felting may be built up: when 
the forces acting on the single fibers are smaller than 
the with-scale frictional forces, the fibers are not able 
to move and no felting will take place. When the 
force exceeds the with-scale friction, movements in 
one direction occur. The shrinkage is determined 
by these irreversible displacements, which are pro- 
portional to the resulting force (viz., the applied 
force minus the kinetic friction) and inversely pro- 
portional to the fiber stiffness. When the force ex- 
ceeds the antiscale friction as well, displacements of 
a fiber are possible in two directions, which are both 
proportional to the appertaining resulting force, so 
that the difference which is significant for the shrink- 
age is virtually independent of the force. 

Though these observations suggest that the magni- 
tude of the fiber deformations determines the amount 
of felting, it is not possible to ascertain the nature of 
these deformations ; on one hand it may be imagined 
that the amount of bending is the important factor ; 
on the other hand the possibility exists that, apart 
from the bending, felting is accompanied by a series 
of alternate elongations and contractions and that the 
magnitude of these deformations is significant for the 
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rate of shrinkage. It is quite possible that in more 
than one way fiber migration takes place and that 
several mechanisms (e.g., Arnold’s [1], Shorter’s 
[11], and Martin’s [8] ) cooperate together. 

It becomes clear too that the influence of the ap- 
plied forces on the rate of felting is such that no 
simple combination of the coefficients of friction, as 
mentioned in the introduction, can be considered sig- 
nificant for the shrinkage; even an expression con- 
taining friction and elasticity cannot be generaily 
valid. Though, in general, an increase of p:, or of 
both p; and pe, or a decrease of po — pw; or of the 
fiber extensibility may give rise to a diminishing of 
shrinkage, quantitative interpretation of these facts 
is only possible via the dependence of felting rate on 
applied forces. 

Summary 


The relation between the rate of felting of wool 
yarns as a function of the applied forces, on the one 
hand, and the frictional and elastic properties of the 
single fibers, on the other hand, was investigated. 
One series of experiments was performed on a num- 
ber of yarns in which the frictional properties of the 
fibers were modified to various degrees by chemical 
treatments; in another series the fiber stiffness was 
systematically varied by applying various aqueous 
solutions. The results of the experiments show that 
when the force affecting the fibers is smaller than 
the with-scale frictional resistance, no shrinkage oc- 


curs; when it attains a higher value, shrinkage of 
the yarn per time affected is proportional to the ap- 
plied force minus the with-scale kinetic friction and 
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inversely proportional to the Young’s modulus of 
the fibers; when the force exceeds the antiscale fric- 
tion as well, the shrinkage becomes more or less 
independent of the force. 
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The Breaking Strength of Twisted Bundles of Jute 
Fiber and its Relation to Spinning Quality 
B. K. Chakrabarti 


Editorial Note 


In this paper the author outlines a technique which conceivably might be applied 


to the prediction of strength of yarns composed of fibers other than jute. 


He shows 


that by means of a comparatively few tests of the breaking strength of jute fibers as 
much information with regard to the strength of the yarns can be obtained as from the 


simultaneous consideration of a number of other fiber characteristics. 


It is felt that 


publication of this report could give impetus to further creative effort with fibers other 


than jute. (Editor) 


Introduction 


The breaking strength of a yarn is considerably 
less than the product of the number of fibers in the 
cross-section of the yarn and their average breaking 
strength [9]; the degree of correlation between the 
two is found also not to be very high [7]. In view of 
this it has been common practice in recent years to 
examine, in the case of cotton as well as of jute, 
bundles of fibers rather than individual hairs or fiber 
strands in attempts to predict yarn quality. But the 
method based on examination of flat or untwisted 
bundles fails to take into account the contribution 
that the frictional properties of the fibers and the 
short fibers not held between the clamps of the test- 
ing machine may make when the fibers are twisted 
and compressed together. It has appeared logical, 
therefore, to examine twisted bundles of fiber rather 
than untwisted bundles in the assessment of jute 
fiber quality. The work described outlines a simple 
technique, requiring only a few observations, of 
measuring the breaking strength of twisted bundles 
of jute fiber. The results of the investigation indi- 
cate that the breaking strength of twisted bundles 
of jute can be regarded as a reliable criterion of the 
spinning quality of the fiber, which is judged pri- 
marily on the basis of the quality ratio’ of the 
standard yarn spun from the fiber. 


Apparatus 


A Goodbrand vertical-type ply-yarn tester (500-Ib 
capacity) with an attachment for mounting the fiber 


1The ratio of mean single-thread breaking strength in 
pounds to grist in pounds per spyndle of 14,400 yd, multiplied 
by 100 for convenience. 


bundle is used. The design of the attachment and 
the device for inserting the twist into the bundle and 
fixing the attachment to the clamps of the testing 
The 
bundle is mounted between the chucks G, and G, 
(Figure 2) and freed of any residual twist by turn- 
ing the handle FI 
tween the collars c, and c., holding the handle H 


machine are shown in Figures 1, 2 and 3. 


The wheel IV is then rotated be- 


firmly so that the zero reading on the wheel cor- 
responds with the pointer ?. Requisite amount of 
twist is then inserted into the bundle by rotating 
handle H, and the nuts N,, N., 


spanner S, 


etc. are tightened by 
The attachment with the fiber bundle 
mounted between the clamps C, and C, is removed 
and fixed between the clamps of the testing machine 
(Figure 3). 
and the lower clamp of the testing machine brought 
When the 
bundle is broken, one-half of the attachment (clamp 


In making a test the key K is removed 
in the grip of the rotating screw below. 


C,) remains fixed to the upper clamp of the testing 
machine while the other half (clamp C,), which is 
heavier, moves down with the lower clamp of the 
testing machine. The weight of the upper portion of 
the attachment is taken into account by making nec- 
essary adjustments of the pointer in the dial of the 
testing machine. 


Experimental Procedure 
Sampling Technique and Particulars of Test 


The methods of sampling and preparation of the 
test bundles were the same as those employed in 
measuring the bulk torsional rigidity of jute fiber [2] 
and ensured that the bundles tested were really rep- 


resentative of the bulk. The test bundles were 11 in. 
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Fig. 1. The rods R: and Rz fit 
into the holes H; and Hz. The key 
K fits into a corresponding hole in 
the rod R: and keeps the two 
clamps rigidly fixed. Mu, he, ete. 





‘ | 
‘kK A'A, 


in length and normai!v of a weight 2200 mg, i.e., 200 
mg/in. Each end of a test bundle was tightly 
wrapped with cotton thread to an extent of in. The 
distance between the chucks G, and G, (Figure 2), 
when the bundle was mounted between them and no 
twist was inserted, was adjusted to 10 in. each time. 
The effective test length was 5 in. and a twist of 6 
turns were applied over an initial length of 10 in. 
(The chuck G, is fixed while G, is capable of rotating 
as well as moving forward during the application of 
twist.) The rate of traverse of the lower clamp of 
the testing machine was 12 in./min. The tests were 
made under controlled conditions of humidity and 
temperature (75% R.H. and 80°F, with slight fluctu- 
ations ). 


Size of Test Bundle 


In determining the suitable size of the test bundle 
a few preliminary experiments were made. 

In the first experiment 10 small-size bundles pre- 
pared from a sample of jute of known yarn strength 
were tested on a Goodbrand single-thread testing 
machine of 25-lb capacity and the result compared 
with the corresponding yarn test result. The size of 
these bundles was adjusted to 8 mg per inch and 
a twist of 33.5 turns applied over an initial length 
of 10 in., causing a contraction of } in. Taking into 
account the observed “take-up” (4 in.), the grist * 
of these twisted bundles was found to be 9.38 Ib/ 
spyndle and the twist factor 10.3. So these bundles 


2 Grist-weight of a spyndle of 14,400 yd in pounds. 


= Li 
be 


— (FG — 


- 
Se“ DRGs 
A 


C) 


are holes at intervals of 1 in. to 
enable the test length to be varied 
from 5 to 9 in. 


corresponded with and were directly comparable 
with 10-lb yarns spun from the same fiber with a 
twist of 3.35 t.p.i. (twist factor = 10.6). The mean 
breaking strength of the bundles was calculated and 
the result reduced by 18.5% * to correspond to a test 
length of 24 in., which was used in determining the 
corresponding yarn strength. The ratio of the mean 
breaking strength of the bundles to their grist against 
the corresponding ratio for standard 10-lb hessian 
weft yarn spun from the same fiber is shown in 


Table I. 


TABLE I 

Ratio of 
Breaking 
Strength 
to Grist 


0.78+0.021 


Grist Breaking 
(Ib per Twist Strength 
spyndle) Factor (Ib) 


10.23 10.6 7.98 


Sample 
Ref. No. 


Yarn 
J1764(W) Twisted 
Fiber 
Bundle 


9.38 10.3 7.82 0.83+0.055 


The ratios of strength to grist for the twisted 
bundles of fiber and the corresponding yarn shown in 
Table I are not found to differ significantly, and 
these results confirmed the view that the strength of 
the yarn can be predicted with a reasonable ac- 
curacy from the strength of the twisted bundles of 
fiber. 

One serious drawback of using small-size test 
bundles is that sampling difficulties are considerable, 


3 It was observed in the case of these yarns that when the 
test length was increased from 5 in. to 24 in. the reduction in 
strength was about 18.5%, on an average. 


Fig. 2. Gi and G2 are chucks 
for holding the fiber bundle. W is 
a graduated wheel which, when the 
handle HT is firmly held, can be 
turned between collars ci and Cs. 
The spring s between c2 and W 








keeps the wheel tightly attached to 
the axle A and enables it to rotate 
with the rotation of the latter. P 
is a fixed pointer for recording the 
rotation of W’. The nuts Ni, Ne, 


etc. are tightened by the spanner S. 
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the preparation of representative test bundles being 
difficult owing to personal bias against the selection 
of the best or the worst strands for the test bundles, 
and consequently a large number of tests are re- 
quired to be made to get a reliable result. 
this it seemed necessary to increase the size of the 
test bundle. 


In view of 


Another experiment was made in which the bundle 
size was varied from 20 mg/in. to 200 mg/in., and 
the breaking strength was determined without apply- 
ing any twist to the bundles. Ten observations were 
taken for each bundle size on a 500-lb Goodbrand ply- 
yarn tester, the effective test length being 5 in., as 
before. The results obtained on a particular variety 
of jute, considered to be quite representative, gave 
the relation between the breaking strength and the 
the 


graphically in Figure 4. 


size of fiber bundle shown 
It may be seen that the 


relation is very close and that the breaking strength 


(untwisted) as 


increases almost exactly in proportion to the size 
of the bundle, as it should, the observed breaking 








Fig. 3. B,; and Be are two 
brackets, each having a stud ($1 
and S:) fixed to the two clamps 
(LL: and Le) of the testing ma- 
chine. The keys K:i and Kz 
prevent the attachment from 
coming out during the test. 
When the key K is removed, 
the clamps Ci and C2 become 
free to move apart under pull. 


~ 


~ 
nN 


BREAKING STRENGTH /N POUNDS 
to) 


40 80 i20 160 200 
WEIGHT OF THE FIBRE BUNDLE (mgs) 


Fig. 4. Effect of size of untwisted fiber bundle on 


breaking strength. 


strength being equal to the product * of the number 
of the fiber strands in the cross-section of the bundle 
and the average strength of the very weak fiber 
strands in the bundle. It follows from these results 
that quite large size bundles could as well be used 
for predicting strength of yarns of normal grist. 

The strength of the fiber bundles tested would ob- 
viously be found to be considerably higher if some 
twist was given to them. Consequently, the strength 
of twisted bundles of more than 200 mg/in. size 
prepared from a good quality jute would exceed 500 
lb; i.e., the range of the testing machine besides the 
grip of the clamps (C, and C,) might be too weak 


for such strong bundles. In view of this a bundle 


size of 200 mg/in. seemed suitable for the present 


purpose. 

The advantage of using large-size bundles is that 
sampling difficulties are less and a fairly reliable re- 
sult can be obtained from only a few tests. 


Suitable Twist for the Bundle 


The twist to be applied to the bundle was deter- 
mined from the results of another experiment. In 
this experiment 200 mg/in. bundles were tested, 
varying the twist from 1 to 10 turns over an initial 
length of 10 in. Ten observations were taken for 

‘ Truly speaking, this product should increase at a dimin- 
ishing rate with increase in the bundle size, owing to the 
inclusion of more and more weak fiber strands, until the 
latter is sufficiently large, and there is some indication of 
this in the scatter diagram (Figure 4). 
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each twist. The test length and the other particulars 
of the test were the same as before. The results ob- 
tained on a particular sample of jute are plotted 
graphically, breaking strength against twist, in Fig- 
ure 5. It may be seen from the shape of the curve 
that with regard to twist a bundle of fiber behaves 
like a yarn, the strength of the bundle increasing with 
twist up to a certain limit and then falling off with 
twist. 

From these results the optimum twist factor for 
bundles of 200 mg/in. was found to be 9.64, the grist 
being 238 lb/ spyndle (the optimum twist was taken 
equal to 6 turns over an initial length of 10 in. and 
the “take-up” was 0.4 in. on an average for this 
twist). This is not far from the twist factor em- 
ployed in spinning standard yarns. It seemed rea- 
sonable, therefore, to use a twist of 6 turns over an 
initial length of 10 in. when testing 200 mg/in. 
bundles. Such twisted bundles would presumably 
closely resemble a yarn, and results obtained on them 
would undoubtedly link up well with the yarn test 
results. 


The Number of Tests to Be Made 


The standard errors of the breaking-strength re- 
sults plotted in Figure 5 were too high (3 to 6% of 
the mean) to enable small differences in quality to be 
judged with confidence. The number of tests made 
on a sample should, therefore, be much more than 
10. It seemed satisfactory to examine 3 subsamples 
for each sample, taking 10 observations for each and 
to get the mean breaking strength from the 30 re- 
sults so obtained. 


LY) 
z & 


BREAKING STRENGTH IN POUNDS 
» 
t=) 


L 
2 4 5 6 7 8 9 40 
NUMBER OF TURNS OVER TEN INCHES 


Fig. 5. Plot of breaking strength vs. twist. 
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The Sense of Twist Applied to the Bundles 


A jute yarn is usually spun with a right-hand or 
Z twist [3], and it seemed desirable to use a right- 
hand twist in determining the breaking strength of 
fiber bundles. Incidentally, however, the effect of 
applying left-hand or S twist was also studied. For 
each subsample 10 observations were taken with a 
Z-twist and 10 with an S-twist, the bundles being 
tested alternately, one with a Z-twist and one with 
an S-twist. 


Experimental Results 


Ten samples of white jute covering a wide range 
of fiber qualities were selected for examination. 





TABLE II 


Difference 
in Breaking 
Strengths 
(Ib) 
(S-Z) 
19.0 
19.0 
31.8 


Breaking Strength 
(Ib) 
Z-Twist 
369.4+13.34 
377.44+16.13 
369.0+10.20 


Sub- 
sample 
No. 


S-Twist 
388.4+16.02 


396.4+ 10.94 
400.8+ 13.97 


Sample 
Ref. No. 


J 1104(W) 


; 36. 6.9 
J 985(W) a f 3.6 


8.6 


—15.8 
—14.6 
32.6 


J] 986(W) 


; 18.3 
y1111(W) ¥ 1.6 


0.0 


; 10.5 
J 1717(W) 342. 347, 44 
7.0 


8.0 
—1.6 


—22.5 


J 1716(W) 


363. —32.3 
J 1718(W) 344, 354. 9.4 
4.4 


13.4 


J 1686(W) —5.4 


J 1074(W) 


390.0 
373.9 
400.1 


432.9 
412.7 
413.6 


42.9 
38.8 
13.5 


J 1133(W) 


Grand mean, 8.82+3.08- 
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Table If shows the breaking-strength results ob- 
tained on 30 subsamples, 3 subsamples being ex- 
amined for each sample. The results obtained with 
Z- and S-twists are shown separately, the last 
column in the table indicating the difference in break- 
ing strengths obtained with Z- and S-twists for each 
subsample. 


Mean Breaking-Strength Results 


The breaking strength was not found to vary 
significantly from subsample to subsample (refer to 
data for J 1104(W) in Table IT), and in calculating 
the standard error of the mean breaking strength for 
a sample the 30 results obtained on the 3 subsamples 
were considered as a set of independent variates 
drawn from a single population. 

Table III shows the mean breaking-strength re- 
sults for the 10 samples of white jute examined 
against the quality ratios ® of the corresponding 10-lb 
standard hessian weft yarns. The quality ratios 
of the yarns were estimated in the same way as 
described elsewhere [2]. The quality ratio stated 
for each sample is the mean of 10 results obtained on 
10 bobbins of yarn. For each bobbin the grist was 
determined on 15 threads (90 in. each), which pro- 
vided 30 lengths for a single-thread test. The mean 
(of 30 readings) breaking load was divided by the 
grist and the quotient multiplied by 100 to get the 
quality ratio for the bobbin. The breaking strength 


shown for each twist is the mean of 30 results. 


Analysis and Discussion of Results 


The mean of the differences shown in the last 
column of Table II works out as 8.8, + 3.08, which 
is highly significant, the 5% and 1% values of ¢ for 
degrees of freedom, 29, being 2.045 and 2.756 re- 
spectively. It may be concluded from these results 
that a bundle formed with an S-twist acquires a 
greater strength than that with a Z-twist. The rea- 
son is not far to seek—the fiber of jute has a fibrillar 
structure and the fibrils in the primary wall of the 
fiber form right-handed spirals. Thus each fiber 
strand may be considered to be a yarn spun from 
fibrils with a right-hand (Z) twist. If a bundle of 
such fiber strands is given a right-hand twist, the 
slope of the fibrils in the primary walls of the fibers 
would further increase with twist, causing a diminu- 
tion of strength of the fiber strands on account of 
the increased shearing strains developed in them. 
This view is strengthened by the results of another 


5 See footnote on p. 17. 
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investigation [3], in which the right-hand breaking 
twist of the fiber bundles was found to be lower than 
the left-hand one. It might be concluded from these 
results that a jute yarn spun with an S-twist would 
acquire a little higher strength. But the disad- 
vantages of using S-twist in the case of jute are that 
the yarn acquires a greater diameter and also a 
greater tendency to untwist when taken out of the 
bobbin [3]. 

The results in Table III, quality ratio of the yarn 
against breaking strength of the fiber bundle, are 
plotted in Figure 6. The regression lines for results 
obtained with Z- and S-twists are shown separately. 
The coefficients of correlation between the quality 
ratio of the yarn and the two breaking strengths of 
the fiber bundle work out as follows: 


Toz = 0.942; Yas 0.969 


Q stands for the quality ratio of the yarn; Z, for 
breaking strength of the bundle measured with Z- 
twist; and S, for breaking strength of the bundle 
measured with S-twist. 

The observed coefficients are very highly signifi- 
cant, the 1% value of r for degrees of freedom, 8, 
being 0.765. The two coefficients are not, however, 
found to differ significantly although one is numer- 
ically a little higher than the other, and either of the 
twists might be employed in determining the break- 
ing strength of the fiber bundle. It would be rea- 
sonable, however, to employ the Z-twist, i.e., the 
twist used in the usual mill spinning process, unless 
a definite evidence against Z-twist and in favor of 
S-twist comes forth from the examination of a very 
large number of samples. 

It may be seen from Figure 6 that the relation 
between quality ratio of the yarn and the breaking 
strength of the fiber bundle is very close, and the 
former can be predicted with a reasonable accuracy 





TABLE III 


Quality 

Ratio of 
Standard 
10-Lb Yarn 


97.3241.27 
54.54+1.26 
§2.1+0.73 
62.2+0.73 
78.61.74 
73,141.58 
83.4+1.13 
66.2+1.27 
109.9+1.05 
103.8+1.19 


Breaking Strength 
(Ib) 

Sample : 

Ref. No. 


J 1104(W) 
J 985(W) 
J} 986(W) 
J 1111(W) 
J 1717(W) 
J 1716(W) 
J 1718(W) 
J 1686(W) 
J 1074(W) 
J 1138(W) 


S-Twist 
7.75 
7.48 
6.65 
9.79 
9.28 
8.61 
8.09 
8.30 
9.06 
946 


Z-Twist 


371.9% 7.52 
229.14 6.38 
229.94 7.92 
224.34 8.37 
337.2+10.44 
353.6+ 9.02 
346.14 7.19 
257.1% 7.30 
425.54 7.73 
388.04 8.57 


395.2+ 
235.5 
230.7+ 
230.9+ 
344.5 
348.24 
340.0 + 
266.0 + 
440.3+ 
4t9.7+ 
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THE YARN 


oo Z-TNW/ST 
X--x = S- TWIST 


QUALITY RATIO OF 


300 350 400 
BREAKING STRENGTH OF THE FIBRE BUNDLE C/6) 


Fig. 6. Comparisons of yarns of S- and Z-twist, 
respectively. 


from a measurement of the latter. The following 
equations give the quality ratio of the yarn in terms 
of the breaking strength of the fiber bundle. 


O = 0.2732 — 8.25 
O = 0.2545 — 4.54 


In previous work [6, 8], 15 samples of jute (6 
tossa and 9 white jute) were examined for ballistic 
work of rupture under longitudinal jerk with an 
observed coefficient of correlation of 0.896 between 
the work of rupture of the fiber bundles and the 
quality ratio of the corresponding 10-lb yarn. In 
this experiment flat (untwisted) bundles of a size 
of 28.57 mg/in. were tested, using a test length of 
4 in.; in all 150 observations were taken, 50 from 
In another work [6], 10 
samples of jute (3 tossa and 7 white jute) were 
examined for ballistic work of rupture under trans- 
verse blow with an observed coefficient of correla- 
tion of 0.793 between the work of rupture and the 
quality ratio of the yarn. In this experiment bundles 
of the same size as employed in the present test, i.e., 
200 mg/in., were tested with a right-hand (Z) twist 
of 7 turns over 10 in., using a test length of 5 in. and 
taking 20 observations for each sample. In a differ- 
ent series of experiments [4, 5] 30 white jute samples 
were examined as in the previous work [6], using 


ach of 3 subsamples. 
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an improved sampling technique and taking 30 ob- 
servations in all, 10 from each of 3 subsamples, with 
an observed correlation coefficient of 0.858 between 
the work of rupture of the fiber bundles and the 
quality ratio of the corresponding 10-lb yarn. All 
these correlation coefficients are definitely lower than 
those observed in the present test. 

In the case of cotton Turner and Venkataraman 
[10] found a multiple correlation coefficient of 0.91 
for the highest standard warp count and 7 important 
fiber characters, viz., length, weight per inch, width, 
strength, convolutions per inch, rigidity, and clinging 
power, from results obtained on 45 samples, and in 
the case of jute a multiple correlation coefficient of 
0.961 was found [5] for the quality ratio of the yarn 
and 9 important fiber characters, viz., reed weight, 


reed coarseness, coarseness of the fiber strands, ap- 


parent density, torsional rigidity, flexural rigidity, 
breaking twist, bundle diameter, and ballistic work 
of rupture of twisted bundles, from results obtained 
on 30 white jute samples. These correlation coef- 
ficients are not higher than those observed in the 
present test (0.942 and 0.969). Thus it appears that 
the breaking strength of twisted bundles of jute fiber 
furnishes as much information regarding the strength 
of the yarn as can be obtained from a simultaneous 
consideration of more than half a dozen other char- 
acteristics. 

The results of the present investigation serve to 
establish that, of all the fiber characteristics studied 
in the quality assessment of jute, the breaking 
strength of twisted bundles is the most important, 
being almost equivalent to all the other characteristics 
considered together, and may be regarded as a re- 
liable criterion of the spinning quality of the fiber, 
the latter being judged primarily on the basis of the 
quality ratio of the standard yarn spun from the 
fiber [1, 8]. Being simple and quick, the present 
test will undoubtedly prove to be very useful in the 
commercial grading of jute and in the day-to-day 
preparation of batches (raw fiber) for the production 
of different types of yarn in the mills. 
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The Design and Laboratory Evaluation of an 


Improved Navy Overcoat Fabric 


J.J. Press 
Fiber Specialist, Clothing Supply Office, Bureau of Supplies and Accounts, 


Department of the Navy 


Abstract 


Analysis shows the 30-0z kersey fabric used in the enlisted man’s overcoat to be 
too heavy and warm under still-air conditions, to be inefficient in resisting wind penetra- 
tion under adverse conditions, and to have limited use life because of the rate at which it 


becomes threadbare. New 22-0z fabrics, 


in melton 
engineered to incorporate improved functional characteristics. 


finishes, have been 
On the basis of laboratory 


kersey 


and 


evaluation, the 22-0oz fabrics show considerable promise for wool conservation while 
maintaining or improving the desired futictional characteristics of the 30-0z kersey. 


Introduction 


As part of its plan for increased preparedness and 
economy, the Navy is determining the extent to 
which strategic and critical textile fibers can be con- 
served while maintaining or improving desired func- 
tional characteri_tics of clothing fabrics. Wool ranks 
at the top of the list of strategic or critical fibers for 
clothing use. 


One of three major wool fabrics procured by the 
Navy is a 30-oz kersey used in the enlisted man’s 
overcoat. A general study of present end-use re- 
quirements indicated that this item could be im- 
proved despite a considerable reduction in the amount 
of wool required. 

The 30-0z kersey is heavy; its excessive stiffness 


impedes body movements; and when the nap wears 





24 

off, it looks threadbare. Under still-air conditions 
in enclosed low-draft areas the kersey has excessive 
warmth. With modern improved heating conditions 
in ships, shore installations, trains, etc., an improve- 
ment from this standpoint would appear desirable. 
Furthermore, recent successful development of lighter- 
weight, more efficient cold weather clothing by em- 
ploying advanced engineering principles has demon- 
strated the feasibility of obtaining adequate warmth 
and comfort with less weight. 


Experimental and Discussion 
Structural Analysis of 30-Oz Kersey 


The 30-0z kersey, while woven with only a single 
warp, is best described as a balanced warp-backed 
fabric with two sets of warp yarns and one common 
set of filling yarns. The result is essentially two 
fabrics interlaced periodically by means of a common 
filling. One-half of the warp yarns appear regularly 
on the face of the fabric while the other half of the 
warp yarns appear regularly on the back of the 
fabric. This is shown in Figure 1. For several 
inches light-colored yarns were tied in to replace 
one-half of the dark yarns in the warp. Then a band 
of light-colored filling yarn was woven in across the 
tied-in warp yarns. In the “Face” picture (Figure 
la) the light warp yarns, representing one-half of 
the total warp yarns, constitute the entire surface 
warp cover of the fabric. The “Back” picture (Fig- 
ure 1b) shows the reverse side with none of the light 


colored warp yarns appearing. The apparent sur- 


Fig. la. Surface texture of Navy kersey. 
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face weave effect is usually that of a warp-faced 
broken twill crowfoot pattern. 

Generally the two primary virtues of the warp- 
backed construction are that it lends itself to the 
making of a very heavy thick fabric, and that it makes 
it possible to have the face and back differ in yarn 
composition, weave, or color pattern. In civilian 
fabrics, the latter feature is used in styling or as a 
means of combining a low-quality back structure with 
a high-quality face structure. 

In most other functional respects, the construction 
is relatively poor. During weaving the filling is rela- 
tively straight and the fabric is quite tight. Once it 
is off the loom, however, the filling assumes a high 
degree of crimp. What was originally one set of 
warp yarns in the loom now is able to separate into 
two sets, one superimposed above the other. This 
gives in essence two fabrics which are interlaced 
periodically fillingwise. Each of the two fabric sur- 
faces is now covered by only one-half of the original 
number of warp yarns and has a relatively loose open 
construction. 

As an example of the openness of the construction, 
a representative value for air permeability of the 
30-0z kersey as woven (168 cfm) is about the same 
as an average value for the 11l-oz flannel off of the 
(170 cfm). 
bring the finished air permeability of the kersey 
down to 18 to 22 cfm. 
tively low efficiency in resistance to wind chill per 
unit weight of fabric. 


loom It takes considerable fulling to 


This still represents a rela- 


Since 30-0z kersey is a dress fabric, another very 
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important factor is its appearance retention. The 
effective surface weave is predominantly warp-faced 
with only one-half of the total warp ends covering the 
face. The surface thread count is quite low (about 
35 ends per inch) and the texture is coarse. Even 
when well finished some threadiness is discernible. 
The appearance retention use life of the 30-0z kersey 
is governed primarily by the durability of the cover 
or nap. The density of a given cover or nap which 
can be produced without excessive yarn damage is a 
function of the number of yarns at the surface. Since 
it is a warp-faced fabric with relatively low surface- 
warp texture, the practical nap density and dura- 
bility appear to be fairly limited. It is probable that 
substantial improvement could be made in appear- 
ance retention by increasing the surface-warp texture. 

Another undesirable engineering feature of the 
warp-backed construction is the high degree of un- 
balance between the warp and filling elongation. 
The warp has much lower elongation and, when sub- 
jected to external strain, must bear most of the stress. 
This is particularly so under high impact, as in 
tearing. In general, fabrics in garments are sub- 
jected to preferential warpwise stress during wear. 
It is desirable to have the filling yarns bear their 
proportionate share of the wear and tear. This is 
best accomplished by having comparable load-bear- 
ing properties in the warp and filling. From this 
viewpoint a reduction in filling elongation would ap- 
pear beneficial. 

Major specific improvements desired in a lighter- 
weight fabric include the development of a construc- 
tion with a higher degree of resistance to wind chill 
per unit weight of fabric, an increased surface-warp 
texture and nap density, and better-balanced warp 
and filling elongation. 


Structural 
Fabrics 


Design of Experimental Lightweight 


Based on the foregoing analysis of the 30-oz 
kersey, it was decided to develop a new construction 
incorporating the following features: reduction in 
weight, thickness, and stiffness and increase in re- 
sistance to wind penetration, appearance retention, 
and elongation balance. These were taken into con- 
sideration as follows. 

Weight and stiffness. 


taken to be the maximum weight of a suitably 


The basis of reduction was 


This turned out to be 
in the range of 22 to 24 oz per linear yard. 


balanced single-woven fabric. 
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Thickness and wind chill. Earlier studies [3, 4] 
have shown that a broken twill construction gives 
a good combination of fabric thickness and resistance 
to wind penetration. It was decided to use a 3/1 
broken twill construction woven at maximum tight- 
ness consistent with suitable fulling and finishing 
characteristics. 
Appearance retention. Here what is required is a 
higher surface-warp texture with correspondingly 


more surface cover and nap. The surface-warp tex- 


ture was increased to 55 ends pér inch, in comparison 


with the apparent surface-warp texture of 35 ends 
per inch in the 30-o0z kersey. As a further means of 
possibly increasing appearance-retention durability, 
it was decided to compare a melton finish to the 
presently used kersey finish. 

A well-fulled fabric is a prerequisite in making a 
good kersey fabric. In the course of fulling, the 
fiber ends in the yarns come to the surface and felt 
up between the yarns and over the surface of the 
fabric. This results in what is known as undercover 
between the yarns and top cover on the surface of 
the fabric. The face of the fabric is napped and then 
extensively teaseled to raise all of the cover and nap 
to the surface of the fabric. 
a uniform medium height. 


This is then sheared to 

When properly made 
with the fiber ends all pressed down in one direction, 
the surface appears very uniform and silky. If, 
however, not enough cover was developed in fulling 
and finishing or if the nap was sheared too closely, 
the fabric would be very bare. Then again, if the 
nap is left too long the fibers ball up on the surface 
of the fabric and develop an undesirable wooly ap- 
pearance. 

Finishing melton is much simpler. The under- 
cover and top cover remain as such, and only long 
straggly fibers on the surface are removed in shear- 
ing. This has several possible advantages. In the 
kersey a considerable portion of the bulk of the fiber 
ends projecting from the yarns has been removed in 
shearing. In the melton this greater fiber-end bulk 
still remains. In the kersey, because of the napping 
and teaseling, once the surface fiber is worn off the 
yarns are clearly defined. With the melton, however, 
when the surface fibers are worn off there still remain 
the felted fibers between the yarns to minimize the 
thready appearance of the fabric. In addition, dur- 
ing the course of wear the felted undercover of the 
melton gradually works to the surface and replenishes 


the top cover as it is being worn off. 
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The 
effective surface weave is predominantly warp-faced 
with only one-half of the total warp ends covering the 
face. The surface thread count is quite low (about 
35 ends per inch) and the texture is coarse. Even 
when well finished some threadiness is discernible. 
The appearance retention use life of the 30-0z kersey 
is governed primarily by the durability of the cover 
or nap. 


important factor is its appearance retention. 


The density of a given cover or nap which 
can be produced without excessive yarn damage is a 
function of the number of yarns at the surface. Since 
it is a warp-faced fabric with relatively low surface- 
warp texture, the practical nap density and dura- 
bility appear to be fairly limited. It is probable that 
substantial improvement could be made in appear- 
ance retention by increasing the surface-warp texture. 

Another undesirable engineering feature of the 
warp-backed construction is the high degree of un- 
balance between the warp and filling elongation. 
The warp has much lower elongation and, when sub- 
jected to external strain, must bear most of the stress. 
This is particularly so under high impact, as in 
tearing. In general, fabrics in garments are sub- 
jected to preferential warpwise stress during wear. 
It is desirable to have the filling yarns bear their 
proportionate share of the wear and tear. This is 
best accomplished by having comparable load-bear- 
ing properties in the warp and filling. From this 
viewpoint a reduction in filling elongation would ap- 
pear beneficial. 

Major specific improvements desired in a lighter- 
weight fabric include the development of a construc- 
tion with a higher degree of resistance to wind chill 
per unit weight of fabric, an increased surface-warp 
texture and nap density, and better-balanced warp 
and filling elongation. 


Structural 
Fabrics 


Design of Experimental Lightweight 


Based on the foregoing analysis of the 30-oz 
kersey, it was decided to develop a new construction 


reduction in 
weight, thickness, and stiffness and increase in re- 


incorporating the following features: 


sistance to wind penetration, appearance retention, 

and elongation balance. These were taken into con- 

sideration as follows. 
Weight and stiffness. 


taken to be the maximum weight of a suitably 


The basis of reduction was 


balanced single-woven fabric. This turned out to be 


in the range of 22 to 24 oz per linear yard. 
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Thickness and wind chill. Earlier studies [3, 4] 
have shown that a broken twill construction gives 
a good combination of fabric thickness and resistance 
to wind penetration. It was decided to use a 3/1 
broken twill construction woven at maximum tight- 
ness consistent with suitable fulling and finishing 
characteristics. 

Appearance retention. Here what is required is a 
higher surface-warp texture with correspondingly 
more surface cover and nap. 


The surface-warp tex- 
ture was increased to 55 ends pér inch, in comparison 


with the apparent surface-warp texture of 35 ends 
per inch in the 30-0z kersey. As a further means of 
possibly increasing appearance-retention durability, 
it was decided to compare a melton finish to the 
presently used kersey finish. 

A well-fulled fabric is a prerequisite in making a 
good kersey fabric. In the course of fulling, the 
fiber ends in the yarns come to the surface and felt 
up between the yarns and over the surface of the 
fabric. This results in what is known as undercover 
between the yarns and top cover on the surface of 
the fabric. The face of the fabric is napped and then 
extensively teaseled to raise all of the cover and nap 
to the surface of the fabric. 
a uniform medium height. 


This is then sheared to 

When properly made 
with the fiber ends all pressed down in one direction, 
the surface appears very uniform and silky. If, 
however, not enough cover was developed in fulling 
and finishing or if the nap was sheared too closely, 
the fabric would be very bare. Then again, if the 
nap is left too long the fibers ball up on the surface 
of the fabric and develop an undesirable wooly ap- 
pearance. 

Finishing melton is much simpler. The under- 
cover and top cover remain as such, and only long 
straggly fibers on the surface are removed in shear- 
ing. In the 
kersey a considerable portion of the bulk of the fiber 
ends projecting from the yarns has been removed in 
shearing. In the melton this greater fiber-end bulk 
still remains. 


This has several possible advantages. 


In the kersey, because of the napping 
and teaseling, once the surface fiber is worn off the 
yarns are clearly defined. With the melton, however, 
when the surface fibers are worn off there still remain 
the felted fibers between the yarns to minimize the 
thready appearance of the fabric. In addition, dur- 
ing the course of wear the felted undercover of the 
melton gradually works to the surface and replenishes 
the top cover as it is being worn off. 
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TABLE II. Comfort Factors * 


Observed Calculated 
Air Unit 
Perme- rhickness§ 
abilityt (0.001 in.) 

18.4 


yy] 


Unit Per- 


Fabric meability 


Number 


K 8 


Weight 

(oz/sq yd) 
20.4 83 
19.6 79 Fe ae 
14.5 64 20. 
14.2 5 18.; 
14. 5: 21. 
13.4 : 20.6 


Thicknesst 
Type Supplier (0.001 in.) 
30-0z Kersey Stock 
K7 30-0z Kersey No. 1 
K 9 22-0z Kersey No. 1 
M2A 22-0z Melton No. 1 
K 6 22-0z Kersey No. 2 

) 


M4A 22-0z Melton No. 


Average 30 oz 
Average 22 oz No. 
Average 22 oz No. 2 


Loss or improvement, av., No. 1 
Loss or improvement, av., No. 2 


* After sponging. 

+ Dead weight thickness gage, 0.1 psi pressure. 
t Frazier, cfm per sq ft at 0.5 in. water pressure. 
§ Thickness per 0z/sq yd weight. 


Air permeability X 0z/sq yd weight. 
« 


“unit permeability “ They were obtained on a unit- 


weight basis, thus eliminating weight as a variable. 
Unit thickness is the thickness per ounce per square 
yard of weight. Unit permeability is the air permea- 
At the 
bottom of the table, for ease of comparison, the re- 


bility per ounce per square yard of weight. 


sults are summarized in terms of loss or improve- 
ment of the desired properties when comparing the 
lighter-weight fabrics from the two different sup- 
pliers to the 30-0z kersey. 

Weight and thickness. The results show the well- 
fulled and finished fabrics of supplier No. 1 to be 
This is be- 
With the 
fabrics from supplier No. 2, the results were quite 
different. 


28.5% lighter but only 25% thinner. 
cause of slightly improved unit thickness. 


A 25% reduction in weight was accom- 
panied by approximately 30% loss in thickness. This 
is reflected in the 6% These 
results are in line with the poorer finish and ap- 
parently lower degree of fulling with the latter 
fabrics. 

Air permeability. 


lower unit thickness. 


The air permeabilities for the 
individual fabrics show the lighter-weight fabrics to 
offer as great a resistance to convection heat loss and 
This 


is reflected in the lower unit permeabilities for these 


wind penetration as the regular 30-oz kersey. 


fabrics, particularly the well-fulled fabrics from sup- 

plier No. 1. In this group the melton appeared su;e- 

rior to the kersey in resistance to air penetration. 
Strength and elongation factors. 


The results of 


20 
19. 
21 


— indicates % loss of desirable property; + % improvement in comparison with average for K 8 and K 7 


studies of the strength and elongation characteristics 
III and IV. In 


III are the results for the fabrics when tested 


of the fabrics are listed in Tables 
Table 
in the warp and filling direction and also at 45° to 
these directions. Figure 1 illustrates these relation- 
ships 


22-0z melton and kersey fabrics are compared on the 


In Table IV the single-yarn strengths of the 


basis of the grab breaking strength listed in Table | 
and the cut-strip strength listed in Table IIT. 

In running the regular acceptance tests, the grab 
With the 30-0z kersey fabric, 
it was noted that the filling strengths were equal or 
that 
this relationship was not the true strength relation- 


method was used. 


greater than the warp strengths. It was felt 


TABLE III. Fabric Breaking Strength and Elongation * 
Strengtht Elongationt 
(Ib (% 
Fabric 
Number Type i - W. 
Kersey, 
K 8 30 oz 
Kersey, 
30 oz 
Kersey, 
22 oz 
Melton, 
22 OZ 
Kersey, 
22 oz 
Melton, 
M4A 22 oz 


K 6 


* After sponging. 
t Cut strip, 1 in. X 3 in., Instron Tensile Tester. 





ship between the warp and the filling and was a result 
of the relatively high degree of unbalance between 
the warp and filling elongations. In running a grab 
test, the higher the elongation, the greater the 
strength contribution of the yarns outside of the 1-in. 
strip held in the jaws. To eliminate this effect of 
variable elongation, the functional tests were run, 
using the cut-strip method. As expected, the filling 
strengths were lower than the warp and agreed rea- 
sonably well with the ratio of filling to warp texture. 
Here again the lighter weight single-woven fabrics 
were found to have a somewhat better elongation 
balance than in the heavier 300-0z kerseys. 

For a more exact comparison of strength as in- 
fluenced by differences in the finishing of the melton 
and kersey fabrics, the results of the grab and cut 
strip breaking-strength tests were reduced to a 
single yarn basis, as listed in Table IV. Reviewing 
the results with the fabrics from supplier No. 1, it 
appears that the kersey-finished fabric is 10% to 15% 
weaker than the melton-finished fabric. With the 
fabrics from supplier No. 2, the results were com- 
these 
fabrics not having achieved a comparable degree of 
fulling and finishing. 


parable, but lower. This is attributed to 
The results with the fabrics 
from supplier No. 1 are more in line with what can 
generally be expected and indicate a significant weak- 
ening of the fabric as a result of processing required 
in the finishing of the kersey. 

Stiffness characteristics. Drape stiffness, flexural 
rigidity, and bending modulus were determined with 
the Drape Flex stiffness tester (CCC-T-191b, Method 
5206) using the relationships derived by F. T. 
Peirce [2]. The results are listed in Table V. In 
addition to running tests in the normal warp and 
filling direction, tests were also run on a diagonal 


TABLE IV. 


Single Yarn Strength 


( srab* 
(Ib) 
Fabric : 


Number Finish 


Cut Stript 


(Ib) ) (%) (%) 
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at 45° to the warp and filling. It has been customary 
to obtain a single value to represent the over-all stiff- 
ness characteristic of a fabric by calculating a geo- 
metric mean of the obtained warp and filling values. 
The diagonal tests were run to test the validity of 
this assumption with particular emphasis on the 
effect of the degree of elongation unbalance. 

Drape stiffness. Drape stiffness represents the 
relative ease with which a fabric will bend under its 
own weight. As expected, the lighter-weight fabrics 
were found to drape more readily. In general, this 
is expected to be desirable and will be checked in 
The ob- 


tained diagonal values were found to be in rela- 


the service evaluation of actual garments. 


tively good agreement with the geometric means for 
the lighter-weight fabrics. However, in the case of 


the heavier fabrics there was found to be a sig- 
nificant difference. 
Flexural rigidity. Flexural rigidity represents the 
stiffness of the supported fabric when flexed in the 
hand or the resistance the fabric in a garment offers 
to body movement. Recent studies [1, 4] indicate 
this value to be most suitable for characterizing the 
apparent stiffness of a fabric. Here again the values 
for the lighter-weight fabric are considerably lower 
It is ex- 


pected that this will contribute to greater ease of 


than those for the heavier 30-oz kersey. 
movement in the garment. Comparison of the re- 
sults of the diagonal test with calculated geometric 
mean shows a moderate difference for the light- 
weight fabrics and a considerable difference with the 
30-0z kerseys. The indications are that the geo- 
metric mean is not a suitable single value to use in 
characterizing all fabrics. 

Bending modulus. Bending modulus is a measure 


of the stiffness or cohesion per unit volume of fabric. 


Comparative Single Yarn Strengths of 22-Oz Melton and Kersey 


Ratio of Melton to Kersey 


Average 
Grab & 


Cut Stript Cut Strip 


Supplier W. ., W. S W. F. W. 
Kersey No. ; i 0.87 
Melton No. , 6. 1.0 114 111 115 
Kersey No. r a 91 
Melton No. , i .98 i 109 106 108 


K 9 
M2A 
K 6 
M4A 


Average 


* Fabric as received, 1 in. X 3 in., Scott Tester. 
+ Fabric sponged, 1 in. X 3 in., Instron Tester. 
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TABLE V. 


Drape Stiffness 


Gee )- 
Fabric 
Number 


metric 
. + 
Meant 


Diag- 
Type onal§ 
Kersey, 
30 oz : 1.20 
Kersey, 
K7 30 oz 92 1.14 .99 


K 8 1.10 


Kersey, 
K 9 22 oz 
Melton, 
M2A 22 oz Ba 91 


Kersey, 
K 6 22 oz 35 90 
Melton, 


M4A 22 oz Let: .96 


* Fabric after sponging. 


Diagonal 


Geo- 
metric 


Mean 


87% 


8% 


97% 


99% 


Drape Stiffness, Flexural Rigidity, and Bending Modulus *t 


Flexural Rigidity 
Diagonal € 


Geo- Bending 
Modu- 


lus** 


Geo- 
metric Diag- 


Meant 


metric 


Mean 


onal§ 


92% sa 17 13.1 


9)? 


+ Drape Flex Stiffness Tester, 1 in. X 6 in. strips, face up (CCC-T-191b, Method 5206). 


t Geometric mean of warp and filling values. 

§ Strip cut at 45° to warp and filling. 
Characteristic bending length in inches. 

© Fabric weight X bending length cubed, in.-lb. 

** 12 X Flexural Rigidity 


The results indicate the fabrics to be quite compara- 
ble in this respect-except for K-9. This fabric has 
a much lower modulus and when handled gives one 
the impression of being a soft and luxurious fabric. 
Its comparable drape stiffness and flexural rigidity 
are a result of its having a greater thickness (see 
Table II) than the other 22-0z fabrics. 

Appearance retention. Normally the useful wear 
life of a fabric is tested in the laboratory on abrasion- 
or wear-testing machines. These act on the gross 
fabric under drastic conditions until a hole or fabric 
rupture results. Investigation has shown that with 
dress fabrics such as those in the current study the 
use life of the fabric is governed to a considerable 
extent by the ability of the surface of the fabric to 
With the 30- 
oz kersey, the controlling factor appears to be the 
When 


this is removed, the fabric is threadbare and no 


retain its original desired appearance. 
durability of the nap or cover of the fabric. 


longer suitable as a dress item. 

Preliminary attempts to use the presently available 
equipment for the study of appearance-retention 
characteristics proved to be unsatisfactory. Some 
of the factors making them unsuitable appear to be 
excessive pressures and tensions, fabric distortion 


with resultant change in crimp and crimp balance, 


thickness cubed, based on geometric mean 


and the use of rough abradants which have little 
similarity to the normal surfaces the fabric comes in 
contact with during use. 

Preliminary work was then begun on the develop- 
ment of a new test to measure the controlling ap- 
pearance-retention factor for the present fabric, the 
durability of the cover or nap. Principle test ob- 
jectives included the following: maintenance of the 
fabric samples under minimum tension, application 
of the same tension in all directions, use of a mini- 
mum load comparable to the normal body pressures 
exerted on fabrics in use, and use of a much milder 
abradant to reduce the wear. essentially to the surface 
of the fabric. These elements were combined in a 
machine utilizing a slow circular reciprocating mo- 
tion. The machine is still in a preliminary stage of 
development and will be reported upon more fully 
at a future date.’ 

Some preliminary results of tests with the present 
fabric which appear quite significant are included, 
however, in Figure 2 and Table VI. The tests were 
run using a coarse duck as the abradant and a contact 

1See “The Development of a Pilling Test for Apparel 
Fabrics,” Papers of the AATT 9, No. 1, 19 (1953); and 
“Appearance Retention Method,” ASTM Tentative Method 
D-1375-55T, for Testing the Pilling Propensity of Textile 
Fabrics. 
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Appearance Retention * 


Observed 





Maximum 
Thickness 
Increase 
(0.001 in.) 


Fabric 

Number 
K8 
K7 
K9 
K 6 
M2A 
M4A 


Type 
30-0z Kersey 
30-0z Kersey 
22-0z Kersey 
22-0z Kersey 
22-0z Melton 
22-0z Melton 


35 
35 
35 
24 
19 
21 


Cycles 

to — 
Threadbare Constant 
Condition at 


6,000 4.24 
6,000 4.34 
10,000 4.37 
2,500 4.04 
20,000 + 4.24 
20,000 + 4.23 


Calculated 


Constant 
bt 


ne ww w 
wu © 
— Ue bo 


S 
- 
— 


* Appearance Retention Tester, fabric against duck under 0.5 psi pressure at 60 cycles per minute. 


+ For the equation log y 


= a — bx, where y 
pressure of about 0.5 psi pressure. The effect of the test 
was obtained by periodically measuring the over-all 
thickness of the fabric. Before each measurement the 
fabric was allowed to relax without load for a given 
period of time. The thickness was then measured 
with a dead-weight thickness gage under 0.05 psi 
pressure. Representative curves obtained in this 
fashion are shown in Figure 2. 

The results with the 30-oz kersey fabrics were 
quite similar to that shown for K-9, which is the well- 
The 
curve for fabric K-6 is for the very poorly finished 
9? 


fulled 22-0z kersey made by supplier No. 1. 


The curve for 
fabric M2A is fairly representative for the 22-o0z 
meltons made by both suppliers No. 1 and No. 2. 
? 


show the general pattern to be one in which the fabric 
becomes thicker as the surface is roughed up, fol- 


oz kersey made by supplier No. 2. 


Examination of the semilogarithmic plots in Figure 


lowed by a gradual wearing away of the roughed-up 
nap or cover of the fabric. This latter portion of the 
curve was found to give a fairly good straight-line 
relationship described by the following equation: log 
y= the 
change in thickness; a = the number of cycles re- 


a — bx, where y = the number of cycles ; x 


quired to wear the fabric back down to the original 
thickness; and b = the negative slope (inverse rate 
of wear). Values for the maximum thickness change 
and the constants a and b are listed in Table VI. In 
addition to making the thickness measurements, the 
fabrics were periodically viewed visually to deter- 
mine the number of cycles required to wear the nap 
away to the extent that the underlying yarn struc- 
ture of the fabric could be clearly seen. The values 
for this threadbare condition are likewise listed in 
the table. 

The following hypothesis was found to be very 
helpful in explaining the results. There are three 
levels of accessibility of the fiber ends or the nap. 


cycles and x 


change in thickness. 
The fiber ends which are most readily available are 
those which project out of the fabric and constitute 
what is known as top cover. This is the principal 
type of nap or cover in a well-made kersey fabric. 
The next level of accessibility is represented by 
the fiber ends in the body of the fabric that project 
out of the yarns and are felted together. This is 
A well-made melton 
fabric will have both dense top cover and bottom 


what is known as under cover. 


cover. 

The third level of accessibility consists of the fiber 
With a fabric 
in which these fiber ends do not work out of the 


ends which are still within the yarn. 


25 
CHANGE IN THICKNESS (001) 


Fig. 2. Surface wear resistance, melton and kersey fabrics. 
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yarn during the course of fulling and finishing, it is 
possible for them to do so during the course of 
abrasion and wear. Other controlling rate factors 
are the density of fiber ends per unit of fabric sur- 
face, the length of the projecting fibers, and the de- 
gree of entanglement or felting of the fiber ends out- 
side of the yarns. The over-all concept, therefore, is 
one consisting of several competing rate factors. 
The accessibility rates governed by the number, 
length, and entanglement of the fiber ends on the 


surface and those coming to the surface compete 


with the rate at which the fiber ends are worn off. 
On this basis the following observations can be made 
in reference to the data listed in Table VI. The 30- 
oz kersey fabrics and the well-finished 22-0z kersey 
(K-9) gave the highest values for initial thickness 
increase and the lowest b constants (highest rates 
The well-finished 22-0z kersey (K-9), 


however, withstood a much higher number of abra- 


of wear). 
sion cycles before it became threadbare. This is at- 
tributed to its higher surface-warp texture and nap 
density. With the poorly finished 22-0z kersey 
(K-6), lower values of thickness increase and cycles 
to the threadbare condition confirmed its greater ap- 
parent visual bareness. Its somewhat higher b con- 
stant (lower rate of wear) is attributed to additional 
fiber ends working out of the yarns. Both melton 
fabrics gave substantially the same results : less thick- 
ness increase and considerably higher b constants 
(lower rates of wear) and abrasion cycles to the 
threadbare condition. It appears that the fiber ends, 
which in the case of the melton are substantially 
longer and more entangled than in the kersey, are 
not as freely available, have greater fiber-end bulk, 
and are reinforced by a substantial number of ad- 
ditional fiber ends which work to the surface during 
the course of the test. 

The indications are that a well-made 22-0z kersey, 
such as K-9, resists surface wear better than the 
regular 30-oz kersey and that the melton finish is 
considerably more durable than the kersey finish. 


Conclusions 


Based on present-day engineering concepts, the 
30-0z kersey used in the enlisted man’s overcoat ap- 
pears to have the following undesirable character- 
istics : excessive weight and thickness for reasonable 
comfort under still-air conditions, low efficiency in 
resisting wind penetration under adverse conditions, 
high stiffness contributing to reduced comfort and 
abrasion resistance, and a limited use life as a dress 
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item because of the ease with which its surface is 
abraded and becomes threadbare. 

22-0z fabrics were designed and de- 
They 


combine moderate reduction in weight and thickness, 


Lightweight 
veloped with both kersey and melton finishes. 


comparable resistance to wind penetration, and re- 


duced stiffness with greater resistance to surface 
abrasion. 

The processing involved in making a kersey re- 
sults in a significant reduction in fabric strength. 
The grab method of testing the breaking strength of 
unbalanced high elongation fabrics gives results which 
are unreliable. The cut-strip method is recom- 
mended as a more significant test for woolen fabrics. 

The calculation of a geometric mean of warp and 
filling stiffness values to obtain a single value to 
characterize the over-all stiffness of a fabric is not 
Where it is 
needed, such a value is best obtained by actually 


to the 


reliable for highly unbalanced fabrics. 


measuring the stiffness of the fabric at 45 
warp and the filling. 

Preliminary results with a newly developed tester 
show the well-finished light-weight kersey and melton 
fabrics to have better appearance retention (surface- 
The 


melton finish appears to offer substantial improve- 


abrasion resistance) than the 30-0z kersey. 


ment over the kersey finish. 
On the basis of laboratory evaluation it is con- 
that the 22-o0z 


promise for wool conservation while maintaining or 


cluded fabrics show considerable 
improving the desired functional ciiaracteristics of 


the 30-0z kersey. 
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Some Aspects of the Cellulose-Phosphate-Urea 
Reaction 


A. C. Nuessle,' F. M. Ford, W. P. Hall,? and A. L. Lippert 
Joseph Bancroft and Sons Co., Wilmington, Delaware 


Introduction 


The reaction of phosphoric acid with cellulose in 
the presence of urea to form a nitrogenous cellulose 
phosphate was first observed by Florence M. Ford, 
working in the textile laboratories of Joseph Ban- 
croft and Sons Co., Wilmington, Delaware [8]. At 
least one other investigator had made use of urea and 
phosphoric acid in the treatment of cellulosic fabrics 
[9], but no esterification of the cellulose had been 
claimed, and indeed 
conditions he described. 


none would occur under the 
The study of the action of phosphoric acid on cel- 
lulose had been undertaken as part of a general in- 
vestigation of flameproofing methods for cotton and 
rayon textiles. Cellulose is degraded by even small 
amounts of dried-in acid, and ordinary alkaline buf- 
fers either fail to modify the action or prevent it to 
the extent that no esterification can take place. As 
is frequently the case, experiment preceded theory, 
and one of the earliest clues was the observation that 
if a large amount of (NH,).HPO, was baked into 
a cotton fabric together with a urea-formaldehyde 
resin, a durable (1.e., washable) flameproofing would 
result, provided the formaldehyde content of .the 
resin was very low. Subsequent experiments showed 
that when the formaldehyde was left out entirely the 
degree of flameproofing was greatly enhanced. 
During the course of the development of this tex- 
tile treatment to a commercial (wartime) stage, an 
insight was obtained as to the chemistry of the cel- 
lulose complexes formed [12]. A number of ar- 
ticles on various aspects of the subject have since 
been published by other workers who independently 
investigated the reaction at Columbia University [6], 
at the British Ministry of Supply [7] and at the 
Southern Regional Research Laboratory [10, 14]. 
The main purpose of the present paper is to discuss 
briefly the structure of the simplest ammonium- 


phosphate-cellulose complex produced in the early 


1 Present address, Rohm & Haas Co., Philadelphia, Pa. 
2 Deceased. : 


stages of the development, to indicate points of agree- 
ment and disagreement with the work of other in- 
vestigators, and to consider the nature of the com- 
plexes formed when other nitrogen bases are pres- 
ent in the reaction mixture. A few other aspects of 
the reaction will also be discussed. 


The General Method 


In its simplest form, the reaction is brought about 
as follows: a cellulosic fabric is immersed in a water 
40% urea and 20% 


(NH,).HPO,, squeezed, dried, cured (i.e., baked) 


solution containing about 
10 min at 150°C, washed well in warm water to re- 
move unreacted materials, and dried. The resulting 
fabric is flame retardant and mildew resistant. It will 
char but will not support a flame, nor will it after- 
glow. Although the original solution has a pH of &, 
that of the cured fabric is about 4.5, due to the vola- 
tility of the NH,, and the pH remains low despite 
prolonged washing in water. The fabric loses some 
tensile and considerable tear strength but retains a 
soft feel and a normal appearance. 

If, instead of the ammonium salt, we use phos 
phoric acid, the original solution will have a pH of 2, 
but this will rise during the cure, and the final washed 
fabric will again have a pH of about 4.5. 


ance and strength the resulting fabric will closely 


In appear- 


match one prepared with the ammonium salt. 

The amount of urea is not critical, but for best re- 
sults should range from 2 to 6 mols per mol of acid. 

The curing time will vary with the curing tem- 
perature, the bath composition, and the type of cel- 
lulose (i.e., whether cotton or rayon) but will range 
140°C to 170°C. 
More drastic curing will greatly reduce the tear and 


from about 20 min at 3 min at 


tensile strengths, especially in the case of cotton. 


Chemical Structure 
Inasmuch as the padding solution contains a large 
excess of urea, the opportunity for the formation of 
insoluble or slightly soluble nitrogenous materials 


during the cure is very great. In attempting an 
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TABLE I. Analysis of the Cellulose-Phosphate- 

Urea Complex 
Molar 
Ratio 
of N/P 


N H;PO, 
(%) (%) 
2.02 11.0 1.29 


Method of Washing 


Distilled water, 10 min, 50°C 
Distilled water, 15 min, 100°C 1.67 11.0 1.06 
Distilled water, 30 min, 100°C 1.45 8.5 1.19 
Distilled water, 45 min, 100°C 1S! 11.0 0.99 
Distilled water, 60 min, 100°C 1.35 G2 1.03 


analysis of such a fabric, it is obvious that all loosely 
combined substances (i.e., unreacted materials and 
byproducts) must be removed. 

In the first attempt to determine the nature of the 
primary cellulose complex formed during the reac- 
tion, the following experiment was conducted late 
in 1943. 

A cotton fabric, prepared by the urea-acid treat- 
ment outlined above, was divided into five parts, 
each of which was washed to a different degree fol- 
lowing curing; then all samples were subjected to 
analysis for nitrogen and phosphorus. Results are 
given in Table I. 

Despite certain inconsistencies, resulting for the 
most part from lack of uniformity of treatment 
throughout the fabric, it seemed likely that a cel- 
lulose-phosphorous-nitrogen complex of reasonably 
definite composition was being dealt with. After 
the method of 
sampling and analysis,* subsequent analyses of many 


certain refinements were made in 
cotton and rayon fabrics flameproofed with urea and 
ammonium phosphate or phosphoric acid showed 
that, while the percentage of phosphate fixed on the 
fabric could be varied by adjustment in the concen- 
tration of the bath or by moderate: variations in cur- 
ing conditions, the molar ratio of N to P in the well- 
washed fabric was almost invariably within the lim- 
its of 0.95 to 1.10. 

The earliest insight into the structure of the com- 


(1) 


plex came from these simple experiments: 


When the treated fabric was immersed in hot am- 


8 The error due to lack of uniformity of the fabric was 
later minimized by analyzing a composite sample from 
several areas of the fabric. The analytical method com- 
prised a Kjeldahl for nitrogen (using a copper-wire catalyst) 
with an aliquot portion of the flask residue (after distillation) 
being made acid with HNO, and used for a double precipi- 
tation of the phosphomolybdate, titrating the second pre- 
cipitate with NaOH. A single precipitation was found to 
give inaccurate results because of the large amount of 
Na.SO, present. The copper catalyst did not appear to af- 
fect the results. The method was utilized for rapidity of 
analysis, using a single fabric sample for both N and P, 
and while quite accurate for N, may be in error to the extent 
of 0.5% H,PO, in the hands of an inexperienced operator. 
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monium molybdate reagent, an immedate yellow pre- 
cipitate was formed on and in the fabric; this sug- 
gested that the phosphorous was present either as 
PO, 
(2) It could further be shown that the phosphate 


or in a form easily transformed into PO, 


group was attached directly to the cellulose, rather 
than through the nitrogen, by merely boiling the 
treated cotton in dilute Na,CO, or NaOH; am- 
monia was liberated, and on subsequent analysis the 
fabric showed little or no nitrogen but almost un- 
changed phosphate content. (3) From the increase 
in weight of the fabric, compared with the observed 
phosphorous content and the atomic weight of phos- 
phorous, it was possible to estimate that the molecu- 
lar weight of the added group was roughly 100. 
These indications pointed to 


O ONH, 


Cell—O—P 


OH 


as the most likely structure of the stable complex. 
This line of reasoning seemed straightforward, 
even though not very elegant, and from the very be- 
ginning this structure was accepted as being the most 
logical. However, there were drawbacks. From 
practical considerations, the diammonium complex 
would have been preferred, since such a structure 
would presumably have greater flameproofing effi- 
ciency. Yet if the fabric was soaked in dilute am- 
monium hydroxide and dried under usual mill con- 
ditions—that is, at an elevated temperature in the 
vicinity of 150°C- 
would result. So 


i e i crease j i oge con- 
little incr n nitrogen 


tent several alternate structures 


were briefly considered : 


O 


O 
ONH, 


O 


Later, however, it was possible to replace the free 
acid hydrogen with NH,, at least temporarily. If, 
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after treatment with dilute NH,OH, the fabric was 
dried at room temperature, what appeared to be 


O 


VA 


Cell—_O—P 


ONH, 


ONH, 


was obtained. This would withstand mild washing 
in very cold water, but hot water leaching or dry 
heat at 150°C caused a prompt loss of ammonia, 
while boiling water caused the complex to revert to 
structure (a). This latter structure (a) is prob- 
ably the best representation of the typical form of 
the complex [13]. 

When the fabric was placed in dilute NaOH, the 
excess caustic was only slowly removed by leaching 
in water, and even after long boiling the pH remained 


above 7.5. This also indicated partial neutralization 
of the free acid group, but the reaction was not stud- 
ied further because the product was not flame re- 
tardant. 
It remained for Davis, Findlay, and Rogers |7] to 
demonstrate the existence of 
O 


4 


Cell—O—P—ONa 
ONa 


From their thorough investigation of the urea-phos- 
phate-cellulose reaction, they also conclude that the 
original complex in its typical form has structure (a). 

Reid, Mazzeno, and Buras [14], employing an 
electrometric titration, also confirmed the presence of 
the free acid hydrogen. 

On the other hand, Coppick [2] has reported an 
analysis of a cellulose-phosphate complex in which 
the N 


was not given. 


P ratio was 2.0. The method of preparation 
This was quite possibly a com- 
mercially treated fabric prepared with other sub- 
stances in the bath in addition to urea and phosphoric 
acid. A small amount of formaldehyde, for example, 
which had been found to minimize the weakening 
of the fabric, would increase the nitrogen content 
through resin formation. 

Two structures are cited by Copick in support of 
the N/P rati of 2.0. . 
(d); the other is 


One is the diammonium salt 
OH-NH;. 
Cell—_O—P 


O OH-NH:, 
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Granted that the diammonium complex (d) can form 
under special conditions, as for example by treatment 
of a monoammonium complex with NH,OH, it is 
doubtless thermally unstable and not likely to be 
formed under curing conditions of 150°C and higher. 
The urea-phosphate structure is very doubtful under 
any conditions, because urea is a weak base and 
would enter the complex only where a stronger base 
(e.g., ammonia) was absent. 

Little [11] has reported analysis of 18 fabrics in 
which the ratio of N/P varies from 1.2 to 1.9. As 
these were prepared in the normal manner from 
urea and diammonium phosphate, much of the varia- 
tion may be the result of failure to leach to constant 
composition before analysis. On extraction in boil- 
ing water, one would expect the ratios to drop very 
close to 1.0, although in some cases the curing was 
so drastic that ratios of 1.2 to 1.3 might result, for 
reasons which will be discussed in a later section. 


The Role of the Urea 


3ecause urea was able to provide nitrogen for the 
complex when no other nitrogenous material was 
present in the bath, it was first believed that the urea 
and phosphoric acid were reacting to form a certain 
specific compound which had the property of com- 
bining readily with cellulose. This hypothesis was 
soon rejected because of the wide variation in condi- 
tions under which the flameproofing reaction could 


be made to occur. For example: 


1. A mixture of 4 mols urea and 1 mol phosphoric 
acid in water solution at pH 2 imparted durable 
flame-proofing to cotton fabric into which it was 
baked over a temperature range of 140° to 200°C. 

2. The same urea and acid, dried down on a water 
bath for 3 to 4 hr, yielded a crystalline product of 
pH 6.3, and a water solution of this material, applied 
to fabric and baked, imparted a flameproof finish ap- 
parently identical to the above. 

3. When 4 mols urea and 1 mol phosphoric acid 
(85% ) were heated at a constant rate of heat input, 
the temperature rose irregularly as shown in Fig- 
ure 1. Note that 


A clear fluid melt was formed at 90°C. 
From 90°—130°C much CO, was evolved. 
At 140° the pH rose to 7.5, and NH, came off. 
Jetween 140°and 150° the melt became viscous 
and opaque. 

By 160° the melt was quite fluid. 

At 170° NH, was again liberated in large quan- 
tities. 
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0 MELT 
0°, BECAME 
A WHITE, WATER-SOLUBLE SOLID 


"i 


»* 


WHITE SOL!0) 


i 


70° (START OF SECOND ENDOTHERM) 





160° (MIXTURE THINNER) 
145° (MIXTURE THICKENS, pH 7.5) 
140° (NHy EVOLVES, ENDOTHERMIC REACTION BEGINS) 


125°(CO, EVOLVED BRISKLY) 


TEMPERATURE, 


90°(CLEAR SOLUTION, CO, BUBBLES START) 


TIME MINUTES),AT UNIFORM HEAT INPUT 
10 20 


Fig. 1. Phenomena observed on heating 4 mols urea 


and 1 mol 75% phosphoric acid at a constant rate of heat 
input. 


By 185° the melt was again clear and had a pH 

of 6. 
Samples of the melt taken at any point during the 
heating curve, dissolved in water, applied to cotton 
fabric, and baked imparted durable flameproofing. 
Only when the melt was heated beyond 200°C, re- 
sulting in the formation of a white insoluble solid 
(presumably cyanuric acid), was the flameproofing 
efficiency lost. 

4. If only 1 mol of urea was taken, the reaction with 
the acid was very violent at 138°-140°C, and the 
temperature rose spontaneously to 150 
in Figure 2. 
a pH of 5.7. A water solution of this material im- 
parted durable flameproofing but severely tendered 
the fabric. 


, as indicated 
The product was a gummy liquid with 


When several additional mols of urea 


were added to the padding solution, however, the 


usual 


flameproofing with normal 


resulted. 


strength loss 

5. If 4% mol of urea was taken, CO, was again 
evolved, but no other sign of reaction was noted un- 
til 150°-160°C, when the mix became cloudy, vis- 
cous, and frothy. On further heating, it cleared at 
~280°C. On cooling, it set to a clear glassy 
semisolid having a PH of 2.5. 


a/o 
Diluted and applied 
to fabric in the presence of additional urea, it too 
gave a flameproof finish. 

From the above observations, it seemed evident 
that there were several more or less distinct products 
to be obtained from urea and phosphoric acid, de- 
pending on the conditions of the reaction; yet com- 
bination with cellulose could readily be obtained in 
every case. 

Therefore, the hypothesis that a certain urea- 
phosphoric acid compound had to be formed before 
reaction with the cellulose could occur was rejected. 


3 


On the other hand, Davis, Findlay, and Rogers have 
since isolated diammonium pyrophosphate from the 
fusion product of urea and phosphoric acid, in vitro 
at 175°C, and conclude that this is the active esteri- 
fying agent [7]. But while such a material will re- 
act with cellulose in the presence of additional urea, 
it has not been proved that this is the only intermedi- 
ate or, in fact, that any specific intermediate is 
necessary. 

The second possibility, that the urea was acting as 
some sort of catalyst, also seemed unlikely because 
of the unusually large amounts required to obtain 
optimum results. A third possibility, that the urea 
merely served as an alkaline buffer, was rejected 


when no other mild alkali which could 


found 
efficiently substitute for it, at any 


pH. 


The fourth, and most logical, viewpoint regarded 


Was 


concentration or 


the urea as a solvent medium in which the reaction 
of the acid with the cellulose took place. This was 
substantiated by the fact that the curing temperature 
had to exceed the melting point of the urea-acid mix- 
ture (about 125°C) and that cellulosic material im- 
pregnated with the mixture generally remained moist 
and plastic while in the curing oven. Moreover, 

that the 
fabric was baked completely dry, fiber degradation 
Was eXCcessive. 


when curing conditions were so severe 
This belief that urea is serving as a 
solvent medium is shared by other investigators 
[6, 7]. 

From purely theoretical considerations, as pointed 
out by Coppick and Hall [5], urea is an ideal ma 
terial for this purpose. It is a swelling agent for cel- 
lulose ; it contains strong hydrogen bonding groups; 
it is fluid between 140 160°C: 


for phosphoric acid. Thus it 


and it is a solvent 


allows the acid to 


Emi- SOL 
pw 57 


T EXOTHERMIC 
TION, HEAT SHUT 


TION) 


HEAT SHUT OFF AT 
START OF EXOTHERMIC 


REACTION 
NIFORM HEAT INPUT— 


1 . = 


5 





Fig. 2. Phenomena observed on heating I mol urea 
and 1 mol 75% phosphoric acid at 
input. 


a constant rate of heat 
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penetrate the cellulose and at the same time tends to 
buffer the action so that the cellulose is not de- 
graded. Strangely enough, although urea and phos- 
phoric acid have been known for over a hundred 
years, nobody thought of using them in this way until 
the reaction was discovered experimentally. 


Increasing the Nitrogen Content 


It was learned early in the development that in- 
creasing the pH of the treating bath by addition of 
NH,OH did not result in increased fabric strength 
nor did it increase the N/P ratio of the cured and 
washed fabric. 

Slight increases in nitrogen ratio could, how- 
ever, be brought about by curing the impregnated 
fabric at temperatures in excess of 170°C or for ab- 
normally long times (several hours) at temperatures 
of 140-150°C, when the finished and washed fabric 
would show a ratio of 1.2 or, in extreme cases, 1.3. 

The effect of temperature was readily observed in 
the following series, in which cotton fabric was im- 
mersed in a hot melt of urea and H,PO, (thus ob- 
viating a separate cure). 

1. After 30 min at 140°C, followed by washing, the 
fabric had a N/P ratio of 1.0. 

2. Even when 40 mols urea to 1 H,PO, were taken, 
so that the N/P ratio in the bath was 80, the result- 
ing fabric, after treatment at 140°C, had a N/P 
ratio of 1.0. 

3. But after 30 min at 180°C, in the same melt as 
(a), the fabric showed a N/P ratio of 1.3. 
crease may be accounted for in three ways: 


This in- 


a. Some cellulose diamidophosphate may form, as 
has been suggested by Coppick [9]. 


NH,» 


P 
O NH, 


b. During the cure, part of the urea may poly- 
merize to yield a polynitrogenous base (e.g., biuret, 
cyanuric acid, or melamine) which then combines in 
the usual manner. 


OH-NH.sRNHRNH, 
Cell—O—P 
O OH 


c. Some cellulose carbamate may be formed as a 
side reaction. 
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Cell—O—C - NH; 
(i) 
O 

It should be relatively easy to distinguish between 
these mechanisms, but as the fabric resulting from 
such an overcure was far too weak to be of com- 
mercial interest, little attention was paid to its exact 
constitution. 

The first definite advance in increasing the nitro- 
gen content came with the addition of guanidine car- 
bonate to the bath. !f too much was added, the pH 
would go above 7 and the cellulose reaction would be 
inhibited ; accordingly, 1 mol of guanidine, to yield a 
PH about 5, was used. Some additional urea was 
always necessary, and, for best results, the usual 4 
mols of urea per mol H,PO, were required. 

As a result of the higher pH, a slightly longer cure 
had to be given, but the resulting fabric had excel- 
lent strength. A typical analysis showed 3.34% N, 
74% H;PO,, and N/P ratio = 3.2, 
sponded roughly to cellulose monoguanidinium phos- 


phate (theory N/P = 3.0) 
O 


which corre- 


Cell—O—P—OH - NH2-C- NH: 


OH NH 
The pH of the washed fabric was about 5. 

From the standpoint of washfastness, the best re- 
sults were obtained with guanylurea phosphate. This 
was made by hydrolyzing dicyandiamide with dilute 
(< 50%) phosphoric acid. 


NH 


NH:CNH-CN + H;PO, + HO ~ 
NH 


NH:CNHCONH2-HsPO, 
Guanylurea phosphate, applied with the usual 4 mols of 
urea, would give a fabric having satisfactory strength 
The flame-retardant 
would withstand mild soapings at pH 10, as well as 
neutral soapings and boiling water leaches. 
cal analysis showed 3.47% N, 6.2% 
N/P 
monoguanylurea phosphate (theory N/P = 4.0). 


O 


and good durability. finish 
A typi- 
H,PO,, and 


ratio = 3.9, corresponding roughly to cellulose 


Cell—_O—P 


| 


OH 


The pH was again about 5. 


OH-NH.C-NH-C-NH2  (k) 


NH O 
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In light of the work of Davis, et al. [7], who con- 
tend that a pyrophosphate intermediate is formed, it 
is interesting to conjecture whether in these latter 
cases guanidine pyrophosphate or guanylurea pyro- 
phosphate must first be formed. There is no con- 
clusive evidence either pro or con. 

A strong argument in favor of the hypothesis is 
the fact that phosphoric and phosphorous acids (both 
of which readily form pyro acids) give a greater 
yield of cellulose ester (frequently better than 75% 
based on the amount of acid used) than do sulfuric 
while monobasic acids do not 


and sulfamic acids, 


combine at all. Against the hypothesis, it might be 
noted that pyro acids are not presumed to form at 
140-150°C, in which range an excellent reaction of 
phosphoric acid with cotton fabric may be achieved 
in a matter of minutes. Yet it is obvious from Fig- 
ures 1 and 2 that some reaction between urea and 
phosphoric acid (liberating carbon dioxide) occurs 
rapidly at as low a temperature as 125°C. 

The question should not be too difficult to resolve 
through analysis of urea—phosphoric acid reaction 
mixtures in the absence of fabric, but no further study 
was made at the time because of our preoccupation 
with the properties of the fabric itself. 

It may be stated as a general conclusion that al- 
tering the nitrogen content through the use of 
guanylurea and the like gave greater improvement, 
as measured by fabric strength and durability to 
washing, than did the substitution of other acids, in- 
cluding pyrophosphoric, for the orthophosphoric 
usually employed. 

The effect of nitrogenous constituents on the com- 
position of the resulting cellulose ester may be sum- 
marized as follows: Analyses made on a variety of 
fabrics, including rayon as well as mercerized and 
unmercerized cotton, showed that the values of the 
well-washed fabric fell within three general groups, 
depending on the composition of the padding liquor. 
(See Table II.) 


Rate of Cure 


The effect of time and temperature of cure on the 
composition of a guanylurea-phosphate-cellulose com- 


TABLE II. Average Molar N/P Ratio asa 
Function of Bath Composition 


Bath Composition Theory Analysis 


0.95—1.10 
3.0 -—3.2 
3.8 -4.0 


Urea, phosphoric acid 1.0 
Urea, monoguanidine phosphate 3.0 
Urea, monoguanylurea phosphate 4.0 
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TABLE III. Effect of Curing Conditions on Extent of Reac- 
tion of Guanylurea Phosphate with Cellulose 
in the Presence of Urea 


Ternpera- 
ture Time H;PO, Ratio 
te (min) %) (% of N/P 
140 20 on 3.91 
28 9! 3.93 


Molar 


150 10 3.86 
12 ; 3.87 


3.82 
3.80 


3.88 
3.85 
3.95 


180 k 4.8 wf 3.858 
3.84 


Average Analysis 8: 3.87 


Theory 


plex is shown in Table III. Care was taken to bal- 


ance time vs. temperature so that overcuring was 
avoided ; as a result the N/P Pre- 


and 


ratio is constant. 
cision of analysis in this series is + 0.05% N 


+ 0.15% H,PO,. 


From these data, by interpolation, a time-tempera- 


ture curing curve may be derived. Such a curve, 
pictured in Figure 3, shows the curing conditions 
H,PO, (70% of that 


available for reaction) with the cellulose. 


necessary to combine 8.7% 


Extent of the Reaction 


Cellulosic fabrics are made completely flame-re- 


sistant by from 5 to 10% combined H,PO,, the 


URING (MINUTES) —= 


oF 


TIME 


130 40 


Fig. 3. Time and temperature of cure required to obtain a 


70% reaction yield based on phosphoric acid 
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amount depending on the presence of other ingredi- 
ents. This degree of reaction can readily be obtained 
under normal curing conditions, the reaction yield 
(based on H,PO,) usually running from 65% to 
75%. 

Higher degrees of combination are accompanied 
by greater strength losses and are therefore usually 
not practical. It is interesting to note, however, that 
there seems to be a limiting degree of combination 
beyond which it is difficult to obtain further reac- 
tion. For example, on one occasion a cotton fabric 
was subjected to seven consecutive treatments with 
a monoguanidinium phosphate formulation. Analy- 
sis showed 4.7% N and 10.4% H,PO,, only about 
50% more than would have been obtained in a single 
treatment. Again the N/P ratio was 3.2, as expected. 

The best method of obtaining a high degree of re- 
action is the hot-melt procedure, in which the fabric 
is completely submerged in a molten bath of urea, 
acid, and other ingredients. No additional cure is 
necessary. In one instance where a cotton fabric 
was submerged for 45 min at 180°C in a urea- 
H.,PO, bath, the treated fabric, after thorough wash- 
ing, contained 30% combined H,PQ,. 

Even so, this is not a very high degree of reaction, 
as may be calculated from the formula 

y — 4900 — 40€ 

mo tei 81C 
where N is the number of pyranose units (or glu- 
cose residues) per phosphate group and C is the 


A 30% 


H,PO, content is equivalent to 1 phosphate group 


observed phosphate content of the fabric. 
per 1.5 pyranose units. Thus, despite the severe 


reaction conditions, we have not even obtained a 
cellulose monophosphate. 

It is interesting to note that the 5 to 10% H,PO, 
range in which a fabric will not support a flame is 
equivalent to 1 phosphate group per 6 to 12 pyranose 
units. Mildew resistance and resistance to afterglow 
are obtained at even lower levels, of perhaps 1 phos- 


phate per 30 pyranose units. 


Ion Exchange Properties 

During a study of the effect of alkaline soapings of 
flameproofed cotton, it was discovered that the ni- 
trogen content was rapidly reduced, while the phos- 
phate remained high. Solutions of salts such as so- 
dium chloride were found to produce a similar re- 
sult. The action was one of metathesis and would 
occur slowly at room temperature or rapidly at the 


boil. 
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ONH, 
a 

. 

O OH 


+ NaCi - 


Cell—O— E 


ONa 


Cell—O—P + NH,CI 
O OH 

Complete exchange of sodium for ammonium 
would occur when the fabric was subjected to 5% 
NaCl for 5 min at 100°C or 24 hr at 20°C. 

On treating the cloth with dilute CuSO, solution, 
it could be readily observed that the copper was en- 
tering the complex because the fabric assumed a 
green color which could not be removed by long 
boiling in water. Other complexes were prepared 
containing Na, Ba, Ca, Mg, Fe, Ag, Hg, and Cd. 
The resulting fabrics were less flame-resistant than 
the original ; at that time it was believed this was be- 
cause 

JONHg 
Fd 
—O--P— 


O OH 


can decompose to yield N,, H.O, and P,O,, which 
would blanket the flame, while 


ONa 
a 


sata” 
© OH 


can only melt. In the light of more recent studies 
of flameproofing action [1], the above explanation 
was probably not the best one. However, blanket- 
ing of a flame with nonflammable gaseous materials 
is probably an important contributing factor. 

Analysis showed that when Ag* replaced NH, in 
the complex, at an N/P ratio of 1.0, the exchange was 
stoichiometric : 


Cell—OP—ONH, 
tN 


AaNOs Cell—OP—OAg 
‘ 


Hot, dilute O 


O OH OH 


/ 


On the other hand, when % Cu* replaced NH,, 
about 120% of the theoretical equivalent of copper 
was found in the well-washed fabric. This is some- 
what at variance with the work of Davis, et al. [7], 
who found that 2Na or 2(Pb/2) would enter the 


complex. In a single experiment, which was not 
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further studied, boiling in dilute mercuric chloride 
apparently resulted in formation of the mercurous 
complex. This is a ripe field for further investiga- 
tion, especially since other investigators have meas- 
ured the ion exchange capacity and believe it to have 
practical use [10]. 

By treatment with hot dilute HCl, a nitrogen-free 
cellulose phosphate was formed. 


OH 
"i 


Cell—O—P” (1) 


| \ 
O OH 

This had a pH of about 2, which could not be raised 
by prolonged boiling in distilled water. On treat- 
ment with a strong solution of NH,Cl, the am- 
monium complex (pH 4.5) was again formed. The 
Cell-O-PO (OH), fabric is quite stable ; although if 
kept in a moist atmosphere, it gradually weakens 
through selfcatalyzed hydrocellulose formation. In 
the acid form the fabric is also quite flameproof. 

Cellulose flameproofed by the guanylurea process 
showed greater resistance to ion exchange than that 
produced from guanidine phosphate or urea phos- 
phate. Treatments above 170°C or excessive cur- 
ing at low temperatures also reduced the ion ex- 
change properties of any of the complexes. In one 
experiment cellulose was immersed for 35 min in a 
urea-phosphoric acid melt at 180°C. The resulting 
fabric, after thorough washing, contained 3.6% N 
and 20.8% H.,PO,. (This is a molar ratio N/P = 
1.21 and could represent a mixture of 79% mono- 
nitrogen base (NH,) and 21% dinitrogen base or 
diamine complex.) The fabric was boiled for 1 hr 
in 0.1 N NaOH and the evolved NH, collected and 
titrated. Only 2.63% (as N) was evolved; thus 
72% of the nitrogen was present in a form readily 
converted to ammonia and 28% was present in more 
resistant forms. In contrast to this, a fabric flame- 
proofed by immersion at 140°C was found to have 
95% of the N in a form readily removed as NH,. 

Unfortunately, the overcured fabrics in every case 
had tear strengths below the acceptable limit from 
a commercial standpoint and were not further studied. 


Summary 


It has been indicated that when urea and phos- 
phoric acid are reacted with cellulose at tempera- 
tures below 170°C and for such times that the urea 
remains molten throughout the reaction, the chief 
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product is cellulose monoammonium monohydrogen 
phosphate: Cell—O—PO(OH )(ONH,). 

By the addition of more complex nitrogen bases to 
the bath, compounds similar to the above may be 
formed wherein the base has replaced the ammonium 
radical. 

Under drastic conditions of cure, particularly be- 
yond 170°C, or for long reaction times at lower 
temperatures, more obscure complexes are formed 
whose structures are yet to be demonstrated but 
which may be cellulose-amidophosphates. 

Most of the complexes, especially the ammonium 
types, will show ion exchange reactions. Not only 
may the NH, be replaced by metals but also by 
hydrogen, yielding a product which appears to be 
Cell—O—PO(OH).,. 

The foregoing discussion is not intended as a com- 
plete account of the chemistry of the cellulose-phos- 
phate-urea reaction. Instead, it represents a broad 
outline of the subject with only enough detail to indi- 
cate the scope of the subject. On certain of the as- 
pects, a number of investigators have agreed; on 
others, there are still 


unresolved differences of 


opinion. 


There are also a number of loose ends left 
dangling, and the authors hope that this paper will 


have aroused sufficient academic interest to instigate 
further study of the reaction. 
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Abstract 


Cotton in lap form was treated with a colloidal s:lica compound, and together with 
an untreated lap was processed into 15/1, 36/1, and 50/1 yarns. Samples of these yarns 
were used for control, for mercerizing, for bleaching, and for dyeing. Analyses of ash 
content were made on these four sets of samples. In addition, other samples of the yarns 
were used to assess the reaction to slashing, desizing, and abrasion. In general, the 
presence of colloidal silica, on medium and fine carded yarns, did not affect the operations 
of mercerizing, bleaching, and dyeing. Yarn strength differences between treated and 
untreated samples were of the same order after as before each of these chemical processes. 
Quantitative tests (ash-content analyses) to determine the effect of these processes on 


the permanence of the colloidal silica on the fiber were inconclusive. 


Introduction 


This is the third and final report of results ob- 
tained from a study aimed at increasing the frictional 
properties of cotton fibers by additive chemical treat- 
ments as a step in the development of cotton products 
of increased strength. The two previous reports |2, 
5| covered (a) a comprehensive literature survey of 
additive chemical treatments which have been used 
or suggested for use to increase the frictional proper- 
ties of cotton fibers and (b) the application and 
evaluation of selected additive chemical treatments of 
various concentrations on frictional properties of 
cotton fibers; on forces required to draft the fibers ; 
and on sliver, roving, and yarn properties. 

This report covers the reaction of selected chemi- 
cal treatments to dyeing, mercerizing, and bleaching 
processes and the effect of these chemical processes 
on the permanence of the treatments. 


Materials and Methods 


The cotton (Deltapine 15) used in this phase of 
the study was the same as one of the three varieties 
which had been used in the previous phase [2]. Es- 
sential properties are shown in Table I. 

Application of colloidal silica, 0.12% based on 


1A report of work done under contract with the U.S. 
Department of Agriculture and authorized by the Research 
and Marketing Act of 1946. The contract is being super- 
vised by the Southern Utilization Research Branch of the 
Agricultural Research Service. 


weight of cotton, was made on the picker lap as it 
was being wound at the picker head. At all subse- 
quent processes the treated and untreated lots were 
processed under similar conditions. 

Treated and untreated laps were run on a Saco- 
Pettee metallic-clothed card and processed into 50- 
grain sliver using two processes of drawing. The 
drawing frame used was a Whitin four-roll conven- 
tional frame having cork-covered top rolls and using 
heavy roll weights, medium roll settings, and me- 
dium drafts. 

Rovings were made on the Whitin Inter-Draft 
Frame using light weights, medium roll settings, 
standard draft proportions, low total drafts, and me- 
dium twists. Using the Whitin Casablanca (F-2) 
spinning frame, a 3.90 twist multiplier, and 13 spin- 
dles, 15/1 yarns were spun from single-creeled 1.25 
hank roving; 36/1 yarns, from single-creeled 2.50 
hank rovings; and 50/1 yarns, from double-creeled 
3.80 hank roving. The 15/1 yarns were spun using 
heavy weights; 36/1 and 50/1 yarns, using medium 
weights. 

The above machinery settings represent the best 
processing organization, based on non-uniformity re- 
sults, for this cotton [2]. 





TABLE I. Fiber Properties 


ML 
(in.) 
0.91 4.5 7.6 


UHML 
(in.) 


1.11 


Pressley 


pg/in, Index 
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Eight skeins of 120 yd each were reeled from each 
bobbin of yarn spun from both treated and untreated 
cotton. These were grouped into four lots of 26 
skeins of treated and 26 skeins of untreated yarn: 
one lot for mercerizing, one for bleaching, one for 
dyeing, and one for control. 

After finishing, the skeins were air-dried, condi- 
tioned, and tested for strength under standard atmos- 
pheric conditions. Altter testing, these samples ~,ere 
used for ash tests. Additional samples of the yarns 
were used for slashing, desizing, and abrasion tests. 

Skein tests were made and yarn appearance grades 
were determined in accordance with A.S.T.M. meth- 
ods [1]. 

Standard methods were followed for slashing, de- 
sizing, abrasion testing, and finishing [3, 4]. 


Results 
Slashing, Desizing, and Abrasion 


Table II shows the degree of reception and reten- 
tion of a sizing mixture by colloidal silica-treated 
yarns and the effect of this silica treatment on abra- 
sion resistance of the sized yarns. 

On an absolute basis, the take-up of size is about 
8.5% greater and the loss in desizing is about 13% 
greater on the 50/1 untreated yarn than on the 50/1 
treated yarn. On a comparative basis these values 
The 
difference between untreated and treated samples is 
negligible on the 36/1 and 15/1 yarns. 


Abrasion tests show a 60% greater resistance for 


are approximately 24 and 39%, respectively. 


the 50/1 treated yarn and a 75% greater resistance 
for the 36/1 treated yarn than for comparable un- 
treated yarns. Conversely, for the 15/1 the un- 
shows a 32% resistance than the 


treated greater 


treated. 
Mercerizing, Bleaching, and Dyeing 

Table III shows that the untreated and treated 
15/1 had the skein 


strength value for original, mercerized, and bleached 
samples. 


yarns approximately same 
The treated yarn was about 4% stronger 
On an over-all 
yarns, both untreated and treated, 
gained about 4% in mercerizing, showed only a small 


than the untreated after dyeing. 


basis the 15/1 


change due to bleaching, and lost about 10% in 
dyeing. 

The breaking strength of the 36/1 treated yarns 
shows a gain in all cases over the untreated yarn: 
6% for original, 4% for mercerized, 4% for bleached, 


41 
and 2% for dyed sample. An over-all analysis indi- 
cates little, if any, change in skein strength in any 
of the finishing processes. 

The skein breaking strength of the 50/1 treated 
yarns shows gains of 5.5% for original, 3% for mer- 
cerized, and 1.5% for bleached and a loss of 5% for 
dyed sample as compared with the untreated yarns. 
Again, an over-all inspection reveals no appreciable 
change im skein 


strength values in 


bleaching, or dyeing. 


mercerizing 


A comparison of coefficients of variation based on 
skein strength values indicates that the treated yarns, 
regardless of finishing operation, are more uniform 
than the untreated the 15/1 and 36/1 


For the 50/1 yarns, however, treated and 


yarns for 
yarns. 
untreated yarns had approximately the same degree 
of uniformity of skein strength. 

Visual comparison of treated and untreated yarns 
revealed no noticeable color differences between iden- 
tically finished lots. Neither was any appreciable 


difference in the 


yarn appearance found between 


treated and untreated yarns. 


Ash Content Analysis 


Table IV shows that in all but one case the ash 
contents of treated specimens, both before and after 
wet processing, were slightly greater than those of 
untreated ones. The higher ash content in the 
treated yarns may not consist entirely of silica; in 
the greater than 
original concentration of silica solids applied 


some instances difference is the 
It is 
doubtful that the precision of this test would reveal 
minor differences, however. 

A reduction in ash content of approximately 1% 
was found in all wet processing operations. This 
being several-fold larger than the difference in ash 
content between treated and untreated cotton masks 


any small changes due to. silica removal. 


TABLE II. Effect of Colloidal Silica Treatment on Slashing 
and Desizing Operations and on the Resistance to 
Abrasion of Carded Cotton Yarns 


Size Loss on 
Take-up Desize 


(%) (%) 


Duplan 
Yarn Abrasion 
No. Cycles* 
50 Untreated 43 7 
50 Treated 34 
36 Untreated 30 
36 Treated 


Identification 


7 

1 

7 

{ 33 3 

15 Untreated 3 27 7 
3 


15 Treated 26 


* Each value is the average of at least ten tests. 





TABLE III. 


Yarn Twist 
Hank - 
Roving T.M. Tf a. 
15 / 1 
Original 
Untreated 1.25 
Treated 1.25 
Mercerized 
Untreated 
Treated 
Bleached 
Untreated 
Treated 
Dyed 
Untreated 
Treated 


3.90 
3.90 


3.90 
3.90 


3.90 
3.90 


3.90 
3.90 


36/1 

Original 
Untreated 
Treated 

Mercerized 
Untreated 
Treated 

Bleached 
Untreated 
Treated 

Dyed 
Untreated 
Treated 


50/1 

Original 
Untreated 
Treated 

Mercerized 
Untreated 
Treated 

Bleached 
Untreated 
Treated 

Dyed 
Untreated 
Treated 


3.80 
3.80 


3.80 
3.80 


3.80 
3.80 


3.80 
3.80 


Summary 
Based on the conditions of this study it is apparent 


1. In mercerizing, bleaching, and dyeing of yarns 
treated with 0.12% colloidal silica, no appreciable 
change in skein breaking strength is effected. 

2. It is interesting that in this phase the yarn 
strength of Deltapine cotton was improved slightly 
by the addition of colloidal silica, whereas in work 
previously reported it was shown that the strength 
of yarns made from Deltapine cotton was not im- 
proved by the addition of colloidal silica. 

3. Slashed 
silica show improved resistance to abrasion. 


colloidal 
This 


medium yarns made with 


is not true for coarse yarns. 
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Effect of Finishing Treatments on Yarn Skein Strength 


Skein Tests 

Actual 
Yarn 
Size 





Std. 
Error 


Corr. 


Break C.V. Break 


175.7 
196.6 


183.5 
201.9 


169.7 
187.3 


163.0 
163.2 


156. 148.6 
179 154.8 


.20 0.54 
1 0.66 


6.23 
6.49 


0.49 
0.60 
5.97 
6.05 


0.44 38.5 
0.45 39.1 


51.0 
46.6 


4.67 
4.79 


0.37 
0.40 


38.9 
37.0 


4. Take-up and loss of sizing mixture is greater 
for fine untreated yarns than for comparable treated 
yarns with no similar difference existing for me- 
dium and coarse yarns. 


5. No conclusive results were obtained from quan- 


titative determinations aimed at assessing the resist- 


ance of colloidal silica to certain textile chemical 


processes. 
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TABLE IV. Ash Content of Yarns * 


Original Yarns Mercerized Yarns Bleached Yarns Dyed Yarns 


Yarn ee ' + Rit 24S Se + Aes 


No. Treated Untreated Treated Untreated Treated Untreated Treated Untreated 
15 1.26 : 0.30 0.20 0.36 0.31 0.41 0.39 


i 
36 1.30 ioe 0.34 0.26 0.47 0.30 0.54 0.39 
50 1.26 1. 0.35 0.32 0.38 0.33 0.36 0.40 


* Ash content per cent based on oven-dry samples. 


Literature Cited 3. Goldthwait, C. F., Murphy, A. L., Lohmann, I. W., 


ee Omar ; : ; and Smith, H. O., “Mercerization of Yarn-Experi- 
Am. Soc. Testing Materials, Committee D-13, ASTM mental Apparatus and Techniques,” Texte Re- 


Standards on Textile Materials (with Related In- SEARCH JOURNAL 22, 540-548 (1952). 

formation), Philadelphia, 1954 (ASTM Designa- . Langston, J. H., “Sizing of Spun Nylon Yarns with 

tions: D180-54T). Various Agents,” TEXTILE RESEARCH JOURNAL 22, 
. Brown, H. M., Langston, J. H., and Rainey, W. T., 111-116 (1952). 

Jr., “Effect of Colloidal Silica Treatments on Cot- 5. Langston, J. H., and Rainey, W. T., Jr., “A Litera- 

ton Processing Characteristics and Yarn Quality,” ture Survey on Fiber Friction,” TEXTILE RESEARCH 

Cotton Research Clinic Proceedings, February 1955, JourNaL 24, 643-653 (1951). 

TEXTILE RESEARCH JOURNAL 5, 462-471 (1955). Manuscript received August 2, 1955 





T.R.I. Annual Meeting 


Hotel Commodore New York 
March 22-23, 1956 


The Twenty-Sixth Annual Meeting of TEXTILE RESEARCH INSTITUTE will be 
held in the Main Ballroom of the Hotel Commodore. Program announcements 
will be mailed as usual in advance of the meeting. The program will appear also 
in the February issue of the Journal. 

There will be a symposium on Minimum Care Fabrics. <A paper, “Pretesting 
of Consumer Desires for New Products,” will be presented by Dillman K. Smith, 
Vice President of Opinion Research Corporation. Among the other papers there 
will be one devoted to industrial fabrics. Dr. Helmut Wakeham, Director of 
Research at T.R.I., will summarize the Institute’s research during 1955. 

There will be a luncheon each day. Dean Malcolm E. Campbell of North Caro- 
lina State College School of Textiles will speak on Thursday. At Friday’s lunch- 
eon, Mr. Herman D. Ruhm, President of Burlington Industries, Inc., will discuss 
“Unsolved Problems.” 

New instruments and new products will be exhibited in the West Ballroom. 
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Letter to the Editor 


Short communications in the form of Letters to the Editor are intended to provide prompt 
publication of significant new research results and to permit an exchange of views on papers 


previously published in the JourNaAL. 


These communications are not submitted to formal re- 


view as are research papers, and the editors do not assume any share of the author’s responsi- 
bility for the information given or the opinions expressed. When work previously published 
in the JourNAL is the subject of critical comment, the authors of the original paper are given 
an opportunity to submit a reply, which will be published concurrently when possible. 


A Simplified Cross-Sectioning Method for Observation of 
Skin and Core of Rayon 


Tue Horu INSTITUTE 

KANEGAFUCHI SPINNING Co., Ltp. 
Horu City, YAMAGUCHI PREF., JAPAN 
August 26, 1955 


To the Editor 
TEXTILE RESEARCH JOURNAL 


Dear Sir: 


We have read E. Corwith Jolliff’s paper [2], “A 
Useful Cross-Sectioning Slide and Some of its Appli- 
cations” with great interest, and we believe that a 
simplified skin-core testing method employed at this 
institute will be of interest to readers of TEXTILE 
RESEARCH JOURNAL. 

Generally, the testing methods [1] for the skin 


core of rayon are complex and need many hours; 


Fig. 1. Projection with camera-lucida for area estimation. 


Magnification 800. 


namely, a sample is treated with paraffin and sec- 
tioned by a microtome. Then this thin section is at- 
tached to a glass slide with egg white. After dry- 
ing, it is dyed. 

Our method is extremely simple, and observations 
are quickly made. 


Sample Preparation and the Method of Sectioning 
The necessary apparatus and reagents are 
1. Brass slide: 30 X 75 X 0.2 mm and 8 holes 0.5 
mm in diameter 


TABLE I. 


Paraffin Method 


High Skin Fiber-Ratio 
Simplified Method 


Ratio of 
Skin to 
Fiber 
(%) 


69.4 


Ratio of 
Skin to 
Fiber Area of 
(%) Fiber 
73.6 176 
67.0 183 
158 
136 
150 
104 
121 
116 
178 
140 
144 
194 
183 
134 
119 
159 
167 
107 
144 
134 


Area of Area of 
Fiber Skin 
159 117 
118 79 
181 130 
62 47 
150 108 
176 121 
130 98 
189 126 
150 109 
206 143 
165 126 
124 89 
127 89 
143 106 
159 116 
180 130 
170 123 
155 109 
126 92 
131 98 
Average 
Difference 


Area of 
Skin 
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Razor blade 

. Dye: oxamine blue 4R, 0.1% solution 

. Other reagent: glycerin (glycerin 1:H2O 1) 
Some blotting papers 

In the preparation of a sample, a bundle of fila- 


ments is first soaked in water, after which it is 


The bundle is then cut 
close to the surface of each side of the slide. 


pushed into one of the holes. 
A drop 
of dye is then applied and the excess absorbed with 
blotting paper. This is followed by permitting a 
drop of distilled water to penetrate the bundle, and 
excess water is absorbed with blotting paper. Fi- 
nally a glycerin-in-water solution is used as a moun- 
tant, and the slide is covered with a dry cover-glass. 

After these treatments an immediate examination 
and measurement under the microscope can be made. 


Results and Discussion 
In Tables I and II 


series of measurements by the above cross-sectioning 


are shown the results of a 


technique and by the paraffin method. It will be 
seen that there is a close average relationship be- 
The 


area units expressed are in mm*X magnification as 


tween the areas as determined by each method. 


explained in Table III and accompanying Figure 1. 
The method used was to copy the magnified cross- 
section of fiber on millimeter-section paper (see Fig- 


TABLE II. Low Skin Fiber-Ratio 


Paraffin Method Simplified Method 
Ratio of 
Skin to 

Fiber 
(%) 


Ratio of 

Skin to 
Fiber 
(%) 
44.5 
39.2 
41.7 
38.5 
43.7 


Area of 
Skin 
45.7 119 53 
43.5 102 41 
40.8 103 43 
38.6 122 47 
42.3 103 45 
45.0 104 50 48.0 
50.0 99 42 42.4 
42.0 112 36 32.1 
47.7 94 35 37.2 
47.0 80 53 66.3 
41.6 123 43 35. 
40.8 86 36 41. 
37.5 86 39 45. 
41.1 119 46 38. 
38.0 112 43 48.; 
40.5 117 46 39. 
40.0 115 46 40. 
40.0 85 39 45.4 
31.7 91 41 48.; 
38.2 104 40 38.4 
41.6 42.7 


Area of 
Fiber 


Area of Area of 
Fiber Skin 
70 32 
69 30 
76 31 
83 32 
78 33 
60 27 
74 37 
81 34 
84 40 
83 39 
77 32 
76 31 
88 33 
73 30 
79 30 
84 34 
60 24 
100 40 

79 25 
68 26 

Average 

Difference 


Fig. 2. Typical cross section of bundle by simplified method. 


ure 1) and then calculate the number of mesh in 


each area. The areas in the five sections shown are 
x S00. 


By swelling the bundle of fibers or filaments prior 


given in Table III. Magnification is 
to insertion in the slide, we eliminate the necessity 
for the long drying period necessary in the paraffin 
method. No further swelling occurs when the dye 
is applied, and we are ready for immediate examina- 


TABLE III. Areas of Magnified Factions in Figure 1 


Ratio of 
Skin to 
Fiber 

Skin (%) 


\rea (mm?) 
Section 
No. Section 


2 91 60 
53 107 70 
147 88 60 
174 124 71 
169 103 61 
159.0 102.6 64.4 


iE 
1 


Average 


TABLE IV. Comparison of Cycle of Procedures 
Simplified Method 


Sampling 1 min 

Soaking in water and 
pushing into hole, 
then cutting off 

Dyeing 

Washing with H.O 

Mounting with 
glycerin 


Paraffin Method 


3 min 
5 min 


Sampling 

Paraffin treatment 

Sectioning and 
sticking 

Drying 

Removing the 
paraffin 

Washing 

Dyeing 

Washing and mount- 
ing with glycerin 


12 min 


15 hr 


min 
min 
min 
1 hr 
5 min 
4 hr 


min 


1 min 


about 
20.5 hr 


Total 5 min 
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tion after the excess dye is removed by the water 
treatment. Also, as will be seen in Table IV, the 
section requires only 5 min as compared with ap- 
proximately 20 hr by the paraffin method. A typical 
photomicrograph of a cross section is shown in Fig- 
ure 2. 

We have used a glycerin-in-water mountant, but 
one having a higher or lower refractive index may 
be employed if the occasion demands. 
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Book Review 


Cellulose Nitrate, The Physical Chemistry of 
Nitrocellulose, Its Formation and Use. Frank 
Douglas Miles. New York, Interscience Publishers 
Inc., 1955. xiii + 422 pages. Price, $7.00. 

Reviewed by Eugene Pacsu, Princeton Univer- 

sity, Princeton, N. J. 


Although “nitrocellulose,” the oldest cellulose de- 
rivative, was first employed as a propellent for mili- 
tary purposes, its major development followed the 
discovery of celluloid, and since World War I it has 
become one of the important materials for protective 
surface coatings. Much of the study resulting in our 
present knowledge of nitrocellulose has been done 
in the Nobel Division of Imperial Chemical Indus- 
tries, Limited, and it is fitting that such a compre- 
hensive monograph as the one under review should 
have been written by Dr. Miles, a recognized au- 
thority in the field, who was so long associated with 
research on the production and use of nitrocellulose 
most handbooks 
written in the English language on cellulose and 


in the Ardeer Laboratories. In 
derivatives, even in the latest ones, hardly more than 
forty to fifty pages are devoted to nitrocellulose. In 
this splendid work the interested reader will find a 
wealth of information pertinent to the principles un- 
derlying the manufacture and use of nitrocellulose, 


the various technical processes, and the physical 
chemistry of nitrocellulose and its relation to that 
of other polymeric substances. 

The book consists of ten chapters divided into 
three parts. The first two chapters constitute Part I 
of the monograph and contain a rather short account 
of “The Structure of Cellulose” (38 pages) and a 
detailed presentation of “The Reaction of Cellulose 
with Nitric Acid” (65 pages). In Part II the au- 
thor discusses in four chapters (140 pages) “The 
Properties and Applications of Solid Nitrocellulose” 
under the headings of “Physical Characteristics of 
Solid Nitrocellulose,” “Solvent Absorption and Gela- 
tinization,”’ “Homogeneous Gels of Nitrocellulose,” 
and ‘Heterogeneous Explo- 
In Part III (165 pages) under the title 
“Chemical Reactions: Solutions,” four chapters are 
presented including “Chemical Reactions of Solid 
Nitrocellulose,” “Fractionation,” “Dilute Solutions 
and Molecular Weight Determination,” and “Sol- 
vents, Solution and Solubility.” A short subject in- 
dex (7 pages) and a name index (4 pages), which in 
most cases regrettably does not give the initials of 
the authors, complete the work. 

The monograph should be most useful to industrial 
and academic research workers in search of authori- 


Nitrocellulose Gels: 


sives.” 


tative and up-to-date information on any particular 
point related to nitrocellulose. 
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INDUSTRIAL SECTION 


National Cotton Council of America 
Proceedings of the Fourth Chemical Finishing Conference 


The papers in this issue comprise those given at the first day’s session of the Fourth 
Chemical Finishing Conference of the National Cotton Council of America, held at 


Atlantic City, N. J., 
February issue. 


September 20-21, 1955. 
A reprint of the entire proceedings, bound in a cover, will be dis- 


The remaining papers will appear in the 


tributed through the National Cotton Council. 


The Cyanoethylation of Cotton’ 
Jack Compton, W. H. Martin, B. H. Word, Jr., and Richard P. Barber 


Institute of Textile Technology, Charlottesville, Va. 


In previous publications from this laboratory the 
idea of preserving the intricate structure of the cot- 
ton fiber while it was being chemically modified has 
been stated as being very desirable [5, 7, 8]. This 
intricate structure begins at the molecular level and 
extends to the level of the cotton fiber as it may be 
seen. A brief consideration of the elements of struc- 
ture of the cotton fiber should thus precede further 
considerations. 

The cellulose molecule is the basic unit of fiber 
structure. The accepted molecular constitution of 
cellulose [4] is shown in Figure 1. It will be noted 
that it is a linear polymer composed of anhydro- 
p-glucose units bound together by 1,4 oxygen link- 
ages. There are one primary and two secondary 
hydroxyl groups in each anhydro-p-glucose unit, the 
The end 
glucose residues of each cellulose molecule are dis- 
tinguished from those in the body of the chain by 
containing either an additional secondary hydroxy] 
group in position 4 or a reducing hemiacetal group 
in position 1. 


hydroxyls being in positions 2, 3, and 6. 


Positions 1, 4, and 5 in each anhydro- 
p-glucose unit are involved in hemiacetal linkages. 
The number of anhydro-p-glucose units in the cellu- 
lose molecule varies with the extent to which it has 
been degraded, since degradation usually proceeds 
by cleavage of the 1,4 oxygen bridges. This cleavage 

1 Presented in part at the Gordon Research Conference, 
Textile Section, A.A.A.S., Colby Junior College, New Lon- 
don, N. H., July 12, 1955. 


proceeds at random along the chain so that a myriad 
of lengths exist in the degraded product, usually ir- 
respective of the type of action whether it be hydroly- 
sis or oxidation. In native cotton the polymolecu- 
larity of the cellulose is much less than after degra- 
dation, and the average degree of polymerization is 
considered to be in the range of 3000 to 5000 an- 
hydro-p-glucose units. 

$y the double refraction in polarized light [1] and 
from the characteristic X-ray diffraction pattern | 20] 
of cotton fibers, it has been established that a cer- 
tain regularity of internal structure exists. The di- 
mensions of the unit cell of native cellulose as de- 
duced from X-ray diffraction patterns are indicated 
in Figure 2. It will be noted that the unit cell con- 
tains only a part of five cellulose molecules and that 
every other molecule runs in the opposite direction. 
The crystalline units of cellulose are represented as 


repeat periods occurring along continuous chains 


of glucose residues which are arranged parallel to 
the b axis of the unit cell with a cellobiose group on 
each corner and one through the center. 


The cellu- 
lose molecules are presumably held together laterally 


OH H 
HO H 


H OH CH,0OH 


n CH,OH 


Fig. 1. Modern concept of cellulose molecule 





Fig. 2. Unit cell of native cellulose. 
(Meyer and coworkers.) 


by secondary valence forces [13]. The anhydro- 
p-glucose units in the main valence chains are ar- 
ranged alternately in such a way that a half turn 
occurs for each unit length. Adjacent chains in the 
a-b plane are arranged so that the primary hydroxy 
groups, position 6, in one anhydro-p-glucose unit 
are next to the secondary hydroxyl groups, position 
3, in the anhydro-p-glucose unit of the neighboring 
chain. It is generally agreed that the cellulose mole- 
cule is comparatively long but various theories re- 
garding the arrangement of the molecules in the 
crystalline structure have been advanced. These 
theories may be classified as (a) the discontinuous 
or micellar [10, 17], (b) the continuous-structure 
[13], and (c) the fringe-micellar, which is a com- 
bination of the continuous and discontinuous theories 
(Figure 3). It seems that neither the continuous 
long-chain theory nor the discontinuous theory satis- 
fies all the experimental evidence. It is now recog- 
nized that discontinuities occur along the bundles 
of cellulose molecules either in some periodic man- 
ner or at random. These faults in the crystalline 
structure in either case result in fringe areas which 
may be thought of as amorphous cellulose. Thus 
amorphous and crystalline areas characterize the 
cellulose component of cotton fibers. 

The amorphous and crystalline areas of cellulose 
are next arranged into a fibrillae structure which, 
according to electron-microscope studies, ranges in 


diameter from 1 » down to 100A. Thus the larger 
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fibrils may be split mechanically or chemically into 
smaller fibrils. This process may continue until unit 
From X-ray studies, it 


is surmised that the ultimate micelle is about 50 A 


cell dimensions are reached. 


Estimates from the 
chain length of hydrolyzed cellulose [18] show that 


wide and at least 500 A long. 


the more highly crystalline regions in cotton con- 
sist of 280 glucose units; i.e., they are about 1450 A 
long. 

The fibril structure of natural cellulose fibers now 
being established, the next step is to show how these 


units of structure are arranged in the cotton fiber. 
The major structural elements of the cotton fiber as 
observed with the ordinary light microscope are: 


(1) primary wall; (2) secondary wall, and (3) 
iumen. This is shown schematically in Figure 4. 


Primary Wall 
The outside of the fiber is covered with a con- 
tinuous envelope containing wax, pectic material, 
and encrusting material referred to as the cuticle, 





- c | 
— SO0A = 50mu = 5 x10%cm —o 


Fig. 3. Schematic representation of several possible 
crystalline structures (Mark). A, Micellar theory (Setfriz). 
B, Continuous-structure theory. C, Fringe-micellar theory. 
D, How main valence chains pass through more than one 
micelle (fringe-micellar theory). a, a’, b’, Molecule ends 
inside the crystallized region of one micelle. b, Molecule 
ends outside the crystallized region. /, Length of crystal- 
lized region. 
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which is supported by a cellulose network of fine 
fibrils. The first layer of these fibrils is oriented in 
a direction parallel to the fiber axis, whereas the sec- 
ond is oriented transversely [19]. This layer is 
about 0.1 in thickness. Underneath this is a pri- 
mary winding or wide band of microfibrils about 0.1 » 
thick which spirals around the fiber [15]. The con- 
tribution of the primary wall to the weight of the 
cotton fiber has been estimated to be about 5% [21]. 


Secondary Wall 


The secondary wall constitutes the greater part 
of the cotton fiber and is composed of lamellae con- 
sisting of dense and porous, or less dense, areas 
(Figure 4). The dense areas of the lamellae have 
been observed to be about 1 in diameter and are 
little changed in dimensions by swelling agents, in 
The 
number of lamellae in a fiber 20, in diameter will 
be 8 or 9, whereas a fiber 10 in diameter will have 
4 or 5. The gross components of the secondary wall 
are the amorphous or less dense areas and the crys- 


contrast to the less dense or porous areas. 


talline or dense areas. 


Amorphous or Less Dense Areas 


The amorphous or less dense areas lie between the 
crystalline areas of the secondary wall. When cotton 
fibers are treated with swelling agents, the amorphous 
area increases in thickness to a much greater extent 
than the dense areas. The less dense areas appear 
to be made up of amorphous cellulose or cellulose 
The 
possibility exists that the polymer molecules in this 


molecules in a disorganized state (Figure 3d). 


area are not of the conventional structure recognized 
for cellulose but rather are hybrid molecules of cel- 
lulose and other foreign carbohydrate polymers, such 
as pentosans and uronic acids [6]. 
evidence that the 


There is some 
this area may be 
shorter in length and branched off the molecules 
comprising the dense crystalline area of the lamellae. 
Further work on the structure and properties of this 
fiber component is needed. 


molecules in 


Crystalline or Dense Area 


The portion of the lamellae which changes the 
least in dimension in the presence of swelling agents 
for the cotton fiber is found to be crystalline in na- 
ture upon examination in polarized light and by 
X rays. This cylindrical sheath is composed of 
many long continuous strands, or fibrils, aligned side 
by side and spirally wound around the fiber. When 
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torn from the sheath these fibrils have been found 
to be about 1» in diameter and possibly extending 
the length of the fiber. These fibril spirals occasion- 


ally reverse along the length of the fiber. From 


X-ray and polarized light studies the fibrils in the 
lamellae alternate in the direction of spirality, but 


all the fibrils in any given lamellae are in the same 
spiral direction. Thus the acute angles between 
lamellae spirals may be accurately determined and 
have been found to vary from 22° to about 45°. In 
general, cotton fibers showing the smallest angle be- 
tween spiral layers with respect to the fiber axis are 
the stronger fibers [9, 20]. 


Lumen 


The central opening in the cotton fiber is known 
as the lumen (Figure 4) and in mature dry cotton 
contains the solid residue from the protoplasm of the 
[3]. The dimension 
varies with both the variety and the environmental 


single cell organism lumen 
conditions under which the cotton is grown | 22 

The approximate dimensions of the component 
parts of the cotton fiber are summarized in Table I. 


Cyanoethylation of Cotton 

General 

Of the investigated 
during the past six years at the Institute of Textile 
the fiber 
causes the least change in morphological structure 
[8]. The work of Bruson [2] and MacGregor |14| 
has shown that acrylonitrile enters into many addi- 


various chemical reactions 


Technology, cyanoethylation of cotton 


tion reactions not usually shown by an olefinic bond. 
In the case of cellulose in the presence of sodium 
hydroxide and water, the reaction may be represented 
as follows : 


CUTICLE~CELLULOSE NETWORK SECONDARY LAMELLAE 


PRIMARY WALL 
(CA. O.ip THICK) 


(CA. 4 THICK) 


WINDING LUMEN BOUNDARY 


AND CONTENTS 
(CA. O.lp THICK) 
Fig. 4. Schematic representation of structural parts of 
the cotton fiber. (Courtesy of Mary L. Rollins, Southern 
Regional Research Laboratory.) 
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Cell - OH + OH? —~Cell0"+ H,0 
‘% 
ced? +H,c*? “CHE c= NEP 


-.O Qg 
[cello-CHy-CH =C =NP === Cell0-CH,-CH-C= Ni] 


e 
CellO-CHy-CH-C = N: + Hp0 = CellO-CHp-CHy-CaNn+Or? 


It will be noted that the reaction is reversible [12], 
so it is necessary to select reaction conditions that 
favor the forward reaction. As might be surmised, 
acrylonitrile reacts with water in the presence of 
alkali in accordance with the general mechanism out- 
lined. The principal product formed as a result of 
this competitive reaction is £,8’-oxydipropionitrile 
(ODP). 
of this byproduct by the selection of reaction condi- 


It is important to minimize the formation 


tions that greatly favor the cyanoethylation of cellu- 
lose. In addition to these factors, which tend to 
prevent high reaction efficiency for the cyanoethyla- 
tion of cotton, there are conditions that cause hydroly- 
sis of the nitrile group to carboxyl, even while the 
desired reaction is taking place. 
resented as follows [11, 14]: 


This may be rep- 


CellO—CH,—CH,»,—C=N + HOH 


CellO CH: CH, 


O 


CellO—CH.—CH, NH: + HOH coal 


O NaOH 


Cell—CH,—CH,—C—OH + NHs 


Simultaneously with the hydrolysis of the cyanoethyl 
ether of cellulose to form the carboxyethyl ether 
derivative, the reversible hydrolysis of the cyanoethyl 
group occurs with the formation of cellulose and 
liberation of acrylonitrile. 


it has been re- 


ported [14] that the carboxyl groups present in the 


Thus 


hydrolyzed product accounts for only one-fourth of 
the nitrogen liberated as ammonia, thus indicating 
that some cleavage of the cyanoethyl groups occurs. 
This does not take into account, of course, the par- 
tial hydrolysis of the nitrile to the amide. From 
these considerations the importance of carefully de- 
fining the reaction conditions if the desired product 
is to be obtained can be seen. Some of the reaction 
variables to be given consideration in the various 


methods to be described are caustic-to-cotton ratio, 
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water-to-cotton ratio, temperature, time, water-to- 
acrylonitrile ratio, and water-to-cotton ratio or wet 
pickup of dilute caustic solution. 


Methods for Cyanoethylations of Cotton 
The following outline will be used: 


I. Liquid Phase Acrylonitrile Reaction 
A. Two-step (caustic solution presteep followed by liquid 
acrylonitrile) 
B. One-step (caustic solution dispersed in acrylonitrile) 
Il. Vapor Phase (Condensed Vapor Phase) Acrylonitrile 
A. Two-step (caustic solution presteep followed by 
acrylonitrile vapor) 


I. Liquid Phase Acrylonitrile Reaction 
A. Two-Step (Caustic Solution Presteep Followed 
by Liquid Acrylonitrile ) 
The procedure used for the cyanoethylation of 
yarn has been previously described |7, 8], using the 


How- 
ever, in obtaining information regarding the inter- 


Gaston County Package Treating machine. 


relation of the variables of the reaction, kiered and 
bleached print cloth (80 xX 80) was used along with 
the modified technique described below. 

1. Batch System. 
(1) Laboratory test on fabric. 


a. Package Treating Machine. 
A 4-yd piece of 80 x 
80 kiered and bleached print cloth 31 in. wide was 
folded along the warp direction into a strip approxi- 
mately 6 in. wide. This folded strip was wound onto 
a 15-in. dyeing spring and secured by wrapping the 
outside with string. A 15,-in. dye tube was inserted 
into the spring to support the package during cen- 


TABLE I. Approximate Dimensions of Components 
of the Cotton Fiber 
Cross- 
Sectional 
Area 


(A?) 


3X 110 


Length Width 
(A*) (A) 


4X 108 


Item 


Cotton fiber 2105 


(20u) 


Cotton fiber lumen 4X 108 1X10‘ by 


10 X 104 


2X 10° 


Fibrils . 
By microscope 5x 104 
By electron microscope — 


1X 104 
1X 10? 


1X 108 
1X 10! 


Crystallites 500-1000 2x 103 


Cellulose chains 50,000 
Cellobiose unit 10.3 


Glucose anhydride ring 5.15 


‘Water molecule 3 


* A Angstrom unit, or 1X 10-8 cm. 
1 u, 0.0001 cm, or 10,000 A. 
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trifuging, and the fabric package was placed in the 
1-lb Gaston County Package Dyeing Machine. 
After the machine had been closed and the valves 
adjusted for the treating cycle, 5500 ml of sodium 
hydroxide of the desired concentration was intro- 
duced through the expansion tank. 
containing 0.1% P-28, circulated 
through the fabric for 15 min, reversing the flow 
of the liquid every 2 


This caustic, 
Tergitol was 
min. The sodium hydroxide 
solution was then drained and the package removed 
irom the dyeing machine. The package was then 
placed in a centrifuge specifically designed for a 
single dye tube and centrifuged for 2 min. 

The fabric package was then returned to the dyeing 
machine, and, after the machine was again adjusted 
for the treating cycle, 5500 ml of acrylonitrile was 
The 


pansion tank was shut off from the circulating sys- 


introduced through the expansion tank. ex- 
tem, and the temperature of the acrylonitrile was ad- 
justed to the desired point by introducing steam or 
cold water into the dye-pot jacket. The acrylonitrile 
was pumped through the fabric for the desired time 
period, reversing the direction of flow every 2 min. 

After the reaction time had elapsed, the acryloni- 
trile was allowed to circulate through the expansion 


tank, introduced to 


acid 
neutralize the sodium hydroxide. 
cold through 
jacket to reduce the temperature. 
then drained 


and sufficient acetic was 
Simultaneously 
the 


The acrylonitrile 


water was circulated dye-pot 


was into a and the 


fabric was thoroughly washed by circulating water 


recovery vessel, 


through the package dye machine. The fabric was 
then removed from the machine, unrolled from the 
dyeing spring, and washed in a Bendix washer, fol- 
lowing the regular automatic cycle of the machine, 
but without using soap. The fabric was then a‘r- 
dried and stored for testing. 


TABLE Il. 
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The various operations were conducted so that 
the following calculations for each experiment could 
be made: 


1. The dry weight of the fabric before treatment. 

2. The amount of sodium hydroxide solution in 
the cloth after pretreatment. 

3. The milligrams of expected and actual sodium 
hydroxide per gram of dry fabric after pretreatment. 

4. The change in sodium hydroxide concentration 
as a result of the fabric presteeping treatment. 

5. The dry weight of the fabric after cyanoethyla- 
tion. 

6. The amount of acrylonitrile recoverable after 
cyanoethylation. 

7. The extent of cyanoethylation based upon the 
weight pick-up during reaction. 

8. The extent of cyanoethylation based upon ni- 
trogen fixed to the fabric, as determined by Kjedahl 
digestion. 


In addition to this, the change in sodium hydroxide 
concentration as a result of fabric pretreatment was 
determined for a number of the reactions. The con- 
centration of sodium hvdroxide in the liquor re- 
moved by centrifuging the package was also deter- 
mined periodically during centrifuging for some 
reactions. 

(2) Effect of pretreating conditions 
caustic content of the fabric. 


the 
In preliminary tests it 
was found that a 15-min presteep time in the pack- 


upon 


age dye machine was sufficient to establish equi- 
librium when using kiered and bleached print cloth. 
Also, increasing the time of centrifuging beyond 2 
min decreased slightly the amount of moisture re- 
tained by the fabric in some cases, but the pick-up 
remained essentially constant except for evaporation 


k S5es. 


The Effect of Sodium Hydroxide Solution Concentration on the Sodium Hydroxide 


Content of the Centrifuged Fabric 


Original 
Caustic 


Conc. of 
Conc. after Centrif. 
Conc. Treatment Liquor 
(%) (%) (%) 
0.1 0.117 
0.233 0.232 
0.69 0.67 
Ee y 1.15 
aa 1.55 
2.76 
5.4 
( 7.9 
10.8 
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* The fabric was treated for 15 min 


Fabric 
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Actual 
Mg. Caustic 
per G. 
Fabric 


Ratio of 
Actual 
to 
Expected 


Expected 
Mg. Caustic 
per G. 
Fabric 
1.46 0.70 
2.93 1.68 
8. 4.9 
14.. 8.45 
18.: 10.7 
31 20.0 
58.8 42.0 
92.0 69.0 

126.0 105.0 


(%) 


nN © 
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and centrifuged for 2 min. 
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Two methods of calculating the amount of caustic 
in the fabric were used. In the first method a repre- 
sentative sample of the pretreated fabric was ex- 
tracted with distilled water and the extract titrated 
with acid. These data were used in obtaining the 
actual milligrams of caustic per gram of fabric 
(Table Il). In the second method the concentration 
of caustic after pretreatment was multiplied by the 
weight pick-up of the fabric after centrifuging. 
These data are listed as theoretical milligrams of 
caustic per gram of fabric in Table II. 

In Table II the ratio of actual sodium hydroxide 
to expected sodium hydroxide in the fabric decreases 
from a maximum value of 2.1 with 0.11% sodium 
hydroxide solution to a value of 1.2 with a 11% so- 
dium hydroxide solution. Within the sodium hy- 
droxide presteep concentration range of 0.25 to 3.0%, 
the ratio remains substantially constant at about 1.75. 
From an economic point of view the lower presteep 
concentrations are important, since the sodium hy- 
droxide is evidently substantively fixed, thereby per- 
mitting a more complete exhaustion of the sodium 
hydroxide solution and a more uniform concentra- 
tion throughout the fiber structure. 

The relation that exists between the actual sodium 
hydroxide in the fabric and that of the expected 
amount of sodium hydroxide in the fabric for a 
given sodium hydroxide concentration is shown in 


Figure 5. The dotted line in this graph is the rela- 


tionship that would be expected to exist if no prefer- 
ential sorption of sodium hydroxide occurred in the 
cotton fabric. 


The solid line shows the relationship 
that was actually found to exist between these two 
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e- 


REACTION Time 
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Fig. 6. Sodium hydroxide presteep concentration vs. ex- 
tent of cyanoethylation at various temperatures with constant 
reaction time of 1 hr. 
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— Experimentally Measured Relationship 
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Sorption of NoOH Did Not Occur. 
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EXPECTED Mg. NoOH/Gm. FABRIC 


Fig. 5. The selective sorption of sodium hydroxide from 


aqueous solutions. 


These curves 
help to demonstrate the relationship pointed out in 
Table IT. 

(3) Effect of reaction variables upon the extent of 
cyanoethylation. (a) Caustic concentration. The 
relationship between the concentration of the sodium 
hydroxide pretreating solution and per cent nitrogen 
fixed to the fabric is shown in Tables III, IV, and V 
and in Figures 6 and 7. 


factors, as determined by experiment. 


In Figure 6 the extent of 
cyanoethylation is shown to increase with the concen- 


LEGEND 
O = 30Min. Reaction 
= 60Min. Reaction 
* 2trs. Reaction 
@©= 4tirs. Reaction 


ataction TEme- 62°C 


3 
% NITROGEN 


Fig. 7. Sodium hydroxide concentration vs. extent of 
cyanoethylation for various periods of time at a constant 
reaction temperature. 
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TABLE III. The Effect of Reaction Conditions upon Extent of Cyanoethylation at 46°C 


NaOH Solution, Conc. 
(%) Fabric Mg. NaOH per Ratio 
Reaction — - Wt. G. Fabric Per Cent ODP 
Time Before After Increase N 
(hr) Treatment Treatment (% Actual Theoretical Anal *AN Fixed 


Ss 0.25 

0.24 We A 77 3. 38 82 16.6 
0.24 bs ‘ : 6.8 
0.24 ; 7 . j 18.0 


0. 
0. 
0. 
0. 


: 17.0 
0.68 4. 4. 9.0 
0.68 8 8 18.0 
0.68 


sss 
uuu 


NM \& dK bo 
awww 


1 
1 
1 
1 


~J ~)3 +3 <7 
manu 


* AN, abbreviation for acrylonitrile. 


TABLE IV. The Effect of Reaction Conditions upon Extent of Cyanoethylation at 62°C 


NaOH Solution, Conc. 
(%) Fabric Mg. NaOH per Ratio 
Reaction Wt. G. Fabric ODP 
Time Before After Incre< - 
‘(hr Treatment Treatment (% Actual ‘Theoretical *AN Fixed 


0.25 0. 
0.50 0. 
0. 
0. 
0. 


71 
Nm 


11.0 
11.0 
11.0 
20.0 
24.0 


NM NM NY W bw 
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0. 
0. 
0. 
0. 


14.0 
20.0 
28.0 
46.0 
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19.0 
24.0 
35.0 
19.0 


27.0 
25.0 


34.0 


2.0 
2.0 


2.0 


AN, abbreviation for acrylonitrile. 
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tration of the pretreating caustic solution when the 
temperature is varied over the temperature range of 
46° to 85°C. 
creased by an increase in temperature, since approxi- 
mately 5 times as much nitrogen is fixed to the fabric 
at 85°C as at 46°C when both reactions are carried 
out using 0.25% caustic pretreatment and a 1-hr re- 
action time. 


The rate of cyanoethylation is also in- 


The extent of cyanoethylation increases with the 
concentration of sodium hydroxide pretreating solu- 
tion (Figure 7). The extent of reaction is shown 
here as a function of time at 62°C. At the lower 
caustic concentrations, time seems to be less im- 
portant than at the higher concentrations used for 
pretreatment. 

(b) Temperature. The relationship between reac- 
tion temperature and per cent nitrogen fixed to the 
fabric is shown in Tables III, IV, and V and in Fig- 
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ures 8 and 9. In Figure 8 the rate of reaction is 
shown to increase with temperature, as was also 
inferred from Figure 6. The decrease in the slope 
of the constant-time lines in Figure 9, with an in- 
crease in caustic pretreatment concentration, cor- 
roborates the increase in cyanoethylation with in- 
creasing caustic concentration, as shown in Figure 7. 

In Figure 8 the amount of nitrogen fixed to the 
fabric is shown to increase with temperature at one 
The curves for 
different times show that the rate of cyanoethylation 


caustic pretreatment concentration. 


decreases with time. 

Information regarding the amount of acrylonitrile 
used in each reaction is given in Tables III, IV, 
and \V. 

(c) Time. The data in Figures 8 and 9 show the 
relationship between time of cyanoethylation and rate 
and extent of reaction at constant caustic pretreatment 


TABLE V. The Effect of Reaction Conditions upon Extent of Cyanoethylation at 75°C, 80°C, and 85°C 


NaOH 

Solution 
Before Wt. 

Treatment Increase 
(%) (%) 


Reaction Fabric 


Time 
(hr) 
1 0.1 75 


0. 


0. 71 


75 
75 
75 
75 
75 


aan 


sw 


0.5 - 
0.50 


INwa s+ 
awn uv 


* AN, abbreviation for acrylonitrile. 


Ratio 

Per Cent Per Cent ODP 
N N ~———- 
(Anal.) (Wt. Pickup) *AN Fixed 

1.6 1.5 7.8 
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% NITROGEN 
Fig. 8. Reaction time vs. extent of cyanoethylation at 
various temperatures with: constant sodium hydroxide con- 
centration in presteep solution. 


concentration and at constant temperature. The ex- 
tent of reaction is shown to increase with time only 
slightly at 46°C but increases more with time at ele- 
vated temperatures (Figure 8). The rate of cyano- 
ethylation also increases with temperature. In Fig- 
ure 9 the extent of reaction is shown to increase with 
time at 62°C, with the effect more pronounced as 
the caustic concentration is increased. 

(d) Interrelation of effect of caustic concentration, 
temperature, and time on the extent of cyanoethyla- 
tion. The interrelation of the primary variables of 
caustic concentration, temperature, and time on the 
extent of reaction is shown in Figure 10. The op- 
timum conditions for reaction can be assessed from 
a consideration of these important variables with 
relation to byproduct formation and the nitrogen 
content of the cyanoethylated cotton. 

(4) Effect of reaction variables upon the amount 
of acrylonitrile used in the reaction. As previously 
mentioned, a very important factor to consider when 
choosing reaction conditions for cyanoethylation is 
the amount of acrylonitrile used in the reaction. In 
addition to the desirable reaction between acryloni- 
trile and cellulose, other reactions take place in the 
presence of water and sodium hydroxide. The most 
important secondary reaction in this instance is that 
between acrylonitrile and water, forming £,6’-oxy- 
dipropionitrile. In the study of reaction conditions 
it is desirable to attempt to select those that favor 
cyanoethylation of cellulose in preference to those 
that favor the formation of secondary products. 

A 1-liter sample of the nonaqueous phase remaining 


after each cyanoethylation reaction was distilled on 


LEGEND 
Ot70% - Ne OK 
O-0.75% - No OH 

=0.25% — Ne On 
*1 25% — Ne On 


Meaction TEMP. ~ ea*C 


9 
“ | 
° ee 
' 


oO 2 « s 


% WITROGEN 


Fig. 9. Reaction time vs. extent of cyanoethylation at 
various caustic presteep concentrations at a constant reaction 
temperature. 


a steam bath to obtain rough figures of the amount 
of acrylonitrile used to cyanoethylate the tabric and 
form the by-products. The amount of nitrogen fixed 
to the fabric was divided by the amount of acryloni- 
trile forming ODP in each reaction. This ratio can 
be used to select the reaction conditions that result 
in maximum cyanoethylation with the use of mini- 
mum amounts of acrylonitrile. 

In Table III it will be noted that, as the sodium 
hydroxide concentration increases, the amount of 
nitrogen fixed to the cellulose increases at the tem- 
46°C. 


shown in Figures 6 and 8. 


perature of These relationships are also 
The ratio of acrylonitrile 
converted to acrylonitrile by-products to acrylonitrile 


Table III, so 


that one can determine the number of pounds of 


fixed to the cellulose is also shown in 


acrylonitrile lost in the by-product reaction for each 
pound fixed to the cellulose. In general, it appears 
that, as the time of reaction increases, the amount of 
ODP formed increases. This is shown by the ratio 
of ODP to acrylonitrile fixed, increasing as the time 
of reaction increases from 1 hr to 4 hr at the sodium 
hydroxide presteep concentration of 1.25% and 
also at a sodium hydroxide presteep concentration 
of 1.75%. 


as previously mentioned, are further verified by the 


The relationships indicated in Table III, 


data acquired upon treating cotton fabric with acrylo- 
nitrile at 62°C (Table IV and Figures 6, 7, and 8). 
It should be pointed out that the increase of the ra- 
tio of oxydipropionitrile to acrylonitrile fixed in this 
instance shows in a more precise manner the pro- 
gressive increase as the time of reaction increases. 


Upon increasing the reaction temperature to 75°, 
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80°, and 85°C, the relationships established in the 
previous tables are confirmed (Table V and Figures 
6 and 8). 

The extent and rate of reaction of the presteeped 
cotton fabric with acrylonitrile at a given sodium hy- 
droxide pickup increases with temperature, as shown 
in Figure 9. This is an effect that was not antici- 
pated. The extent of swelling of cotton with sodium 
hydroxide increases with sodium hydroxide concen- 
tration up to about 12% and with lowering of the 
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Fig. 10. Interrelation of primary cyanoethylation vari- 
ables of time, temperature, caustic concentration, and extent 
of cyanoethylation. 
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temperature. The conversion of crystalline cellulose 
to amorphous cellulose usually follows the swelling 
behavior pattern. The extent of cyanoethylation 
would thus be expected to increase when the sodium 
hydroxide presteep conditions favoring the conver- 
sion of crystalline to amorphous cellulose are used. 
It will be noted that in the present instance the re- 
verse of this was found; that is, increasing the tem- 
perature, which would be expected to decrease the 
extent of swelling, causes an increase in the rate 
and extent of reaction with acrylonitrile. Thus, at 
temperatures below 46°C it is impossible to get a 
nitrogen content above about 2.2%. By raising the 
temperature, the nitrogen content leveling-off point 
of the reaction is increased. This dependence on 
temperature to achieve the desired products is an im- 
portant feature of the process. 

The most economical, and hence practical, condi- 
tions for cyanoethylation of cotton include (a) pre- 
steep with low sodium hydroxide concentration in 
aqueous solution, (b) comparatively high tempera- 
tures, and (c) the shortest time permissible for 
treatment with acrylonitrile to obtain a given nitrogen 
content (Tables III, IV, and V). Since the rate of 
cyanoethylation decreases with the time of reaction 
while the by-product formation increases, long reac- 
tion times are not economical. In general, a 30-min 
reaction time is preferable, and periods of time longer 
than 60 min appear to be impractical. 

A three-dimensional graph showing the relation- 
ship between the sodium hydroxide retained by the 

. mg. NaOH 
cotton fabric, -—, from the presteep solution, 
g. Cotton 

the reaction treatment time in hours with acryloni- 
trile, and the per cent nitrogen fixed to the cotton 
at various reaction temperatures is given in Figure 
10. This graph is a means of determining the com- 
bination of reaction variables necessary to achieve a 
desired extent of reaction. It serves to delineate the 
conditions necessary to effect the extent of cyano- 
ethylation required while maintaining the physical 
structure of the cotton fibers and carrying out the 
reaction in the most economical manner. 

(5) Pilot plant. (a) Yarn. A pilot plant making 
use of a modified 50-package Gaston County Dye 
Machine complete with an acrylonitrile recovery sys- 
tem was put into operation by the Institute in 1954 
for the cyanoethylation of cotton yarn and fiber [8]. 
y the American 
Cyanamid Company at the National Plant of Stand- 


This pilot plant was installed by 
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ard-Coosa-Thatcher Company, Rossville, Georgia. 
During the past year 18,000 lb of cotton yarn and 
600 Ib of cotton fiber were cyanoethylated to a ni- 
trogen content of approximately 4% in this pilot 
plant, and at present this material is being evaluated 
in a very comprehensive market evaluation program. 

The procedure employed in the two-step method 
of cyanoethylating cotton yarn in the pilot plant is 
similar to that described for the 1-lb package ma- 
chine. Thus, 50 lb of cotton yarn was pretreated 
with 1.8 to 2% sodium hydroxide solution containing 
0.1% Aerosol-OS at room temperature by circulat- 
ing the solution through the packages for 20 min 
with outside-in inside-out circulation cycles of 4 min 
each. The dilute caustic solution pickup of the cot- 
ton yarn wound on springs after centrifuging was 
in the range of 60 to 70%. The centrifuged packages 
were returned to the package machine, and, after 
flushing the air from the kiers with nitrogen gas, 
water-saturated acrylonitrile was then introduced and 
circulated through the package for 30 min at 68°C. 
The time required to bring the charge up to tempera- 
ture was less than 5 min with 4-min inside-out out- 
side-in cycles being used. At the end of the reac- 
tion time, the kiers were cooled to room temperature 
and 25% phosphoric acid added until a pH of 5 to 6 
was established; then the cyanoethylation solution 
was drained. The yarn was then given three warm 
water washes at 57°C, and these wash waters, to- 
gether with the spent acrylonitrile liquors, were sent 
to the recovery system. The amount of acrylonitrile 
in a fourth water wash was so small that it was 
flushed to the sewer. After a 30-min running wash 
with warm water, the packages were removed, cen- 
In 
a number of instances the yarn was softened by cir- 


re 


ac 


trifuged, and sent to the hot-air package dryer. 


culating © solution on the weight of the yarn of 


I: 


Quaker TT, through the yarn as the last operation 


a textile softening agent, such as Ahcovel or 


before removal from the kier. Upon analysis, the 


TABLE VI. Two-Step Procedure for the Cyanoethylation of Cotton Yarn 


NaOH Soln. 


Cotton 
Type ( 


%) 
2.0 
2.0 
2.0 
2.0 
2.0 


1.1 


greige 

greige 

greige 

bleached 
bleached 
bleached & merc. 


Conc. Pickup 


bebe bees Lenne 


Fig. 11. Basket-type adapter for treating bulk cotton fiber 


in the Gaston County Package Machine. 


nitrogen content of the dry yarn was 4.0 + 0.3% and 
was quite uniform throughout the package. 

When kiered and bleached yarn was cyanoethyl- 
ated, the same procedure was used, except the time 
of reaction with acrylonitrile was extended to 45 min 
to give a nitrogen content of 4.0 + 0.3%. 

In the case of kiered and bleached mercerized yarn 
the caustic presteep concentration was reduced to 
1.1%, but the other conditions remained the same 
as described for greige cotton yarn. 

Typical data are shown in Table V1. 

(b) 
ethylation of bulk fiber was similar to that described 


3ulk fiber. The procedure used in the cyano- 


for yarn, with the exception that the yarn-holder 
spindle was replaced in one of the two kiers of the 
50-package Gaston County package machine by a 
The 


bulk fiber in the form of full-width picker lap and in 


bulk fiber basket-type adapter (Figure 11). 
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TABLE VII. Two-Step Procedure for the Cyanoethylation 


of Bulk Cotton Fiber in the Lap Form in the Gaston 
County Machine using a Kier Adapter 


NaOH Soln. 


Ratio 
ODP 
toAN 
Fixed 


Reaction 
———————e No 
Time Temp. 


Content 
(min) (°C) (%) 


Cotton Conc. Pickup 
(Ib) (%) (%) 


2 1.37 76 30 68 3.8 4.0 
26 1.39 65 30 68 3.9 4.0 
27 1.44 67 30 68 3.8 6.8 


a length of about 10 ft was rolled up laterally with 
cotton gauze to make a long roll of cotton 3 to 4 in. 
in diameter, and 8 to 10 of these rolls, amounting to 
about 26 lb of cotton, were coiled into the basket 
adapter. The concentration of caustic used in the 
presteep was also reduced to about 1.4% to obtain a 
product containing about 4.0% nitrogen under the 
other conditions previously given. Typical proces- 
sing data are shown in Table VII. 

b. Semiworks Plant Jig and Padder. A conven- 
tional three-roll commercial fabric padder in conjunc- 
tion with an enclosed jig was used in the cyanoethyla- 
tion of about 18,000 yd of cotton fabrics of weights 
in the range of 2.5 oz to 32 oz for use in the Market 
Evaluation Program (Figures 12 and 13). This 
equipment was furnished by Fulton Bag and Cotton 
Mill, Atlanta, Georgia, and installed by Monsanto 
Chemical Company at their Texas City, Texas, plant. 
This equipment was operated jointly by Institute and 
Monsanto Chemical Company personnel. 

It was found desirable to desize those fabrics to 
which either sizing had been applied after weaving 
or to the warp yarns prior to weaving, before pre- 
treating with caustic solution. About 60 lb of fabric 
was then padded with 2% sodium hydroxide solu- 
tion containing 0.1% Tergitol Anionic-4, or Sterox 
CD, using the two-dip, two-nip procedure. After 


Padder Rolle 


16 - Mount Hope Bowed Expanders 
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standing for about 30 min the fabric with a caustic 
solution pickup of about 40 to 95% was transferred 
to the enclosed jig (Figure 11), and the jig sealed. 
For lightweight goods the caustic pickup was in 
the range of 80 to 95%, whereas for heavy duck the 
range was 40 to 50%. The air in the jig was then 
purged with nitrogen gas and the acrylonitrile, after 
weighing, pumped into the jig. It is important that 
the acrylonitrile contain no more than 2% 


water if 
an efficient reaction is to be obtained. The ratio of 
acrylonitrile to fabric was about 6 to 1. The acrylo- 
nitrile was circulated through a heat exchanger regu- 
lated to control the temperature at 60°C, at the rate 
of 2 to 5 gal per minute. During the reaction time 
period of 60 min, ends times varied from 40 sec 
to 8 min, depending on the weight and length of the 
fabric, but an even number of ends were always 
used. At the end of the reaction period the acrylo- 
nitrile was cooled to room temperature and pumped 
out of the jig, and the residual caustic in the fabric 
was neutralized with 5% acetic acid solution. Three 
additional washes were then given the fabric in the 
jig to remove excess acids and salts. The spent 
acrylonitrile and all wash waters were sampled to ob- 
tain quantitative reaction data. The jig was then 
opened, and the fabric rolled up (Figure 13) and 
passed over steam-heated drying cans to remove sub- 
stantially all of the water. The fabric was sampled 
along its length, and the average nitrogen content 
determined. Typical data are given in Table VIII. 

2. Continuous System. Work on the continuous 
cyanoethylation of cotton has thus far been confined 
to fabric using laboratory-sized equipment. A 
schematic drawing of the equipment successfully em- 
ployed at the Institute is shown in Figure 14. This 
equipment consisted of a laboratory cascade washer 
containing five compartments with a set of chain- 


PADDER - MODIFIED JIG- UNLOADING SCHEME 


1 - 3 ~ Padder Rolls 
4, 5 - Jig Rolls 
6 io 
u Fix 
iz, 4, 
19 - Air G 
de Bare 
nt Hope Bowed Expanders 








January, 1956 


TABLE VIII. 


Weight* 


Type Fabric (oz/yd) Yardage 


Muslin 4.0 300 
Birdseye diaper . 250 
Sateen : 135 
Press roll cover t 110 
Hose duck zi 50 
Belt duck a 27 


* Initial weight of fabric. 


driven squeeze rolls over four of the compartments. 


The squeeze rolls are all driven at the same rate and 
regulated by use of a variable-speed drive. 


tice 2° 


In prac- 
© sodium hydroxide solution was placed in the 
first compartment; acrylonitrile, in the second and 
third; and dilute acetic acid, in the fourth and fifth. 
The caustic solution pickup of the 8-in.-wide fabric 
being continuously run through the first compart- 
ment as it left the first set of squeeze rolls was ap- 
proximately 100%. The height of the compartments 
was 24 in. so that 2 yd of fabric were immersed or 
impregnated with acrylonitrile at any given time. 
The water-saturated acrylonitrile was heated to 72°C 
and continuously circulated from the bottom of the 
second compartment to the top of the third compart- 
ment. Using 2% sodium hydroxide solution in the 
presteep, 45-min contact time with acrylonitrile was 
required to obtain a nitrogen content of 3.5 to 4.0%. 
Thus the speed of the fabric was about 44 yd per min. 
In some runs four compartments were used instead 
of two for acrylonitrile, and when this was done the 
speed of the fabric could be increased to about | yd 
per min. 

To prevent acrylonitrile losses a small ice-water 
condenser was placed over each of the acrylonitrile 
compartments. A hood was placed over the entire 
assembly with an exhaust fan connected to it so as 
to remove acrylonitrile fumes from the working 
area. 

Water was removed from the caustic-impregnated 
fabric while in the cyanoethylating compartments so 
that a water layer separated at the bottom of these 
compartments. Sight glasses were installed so that 
the water level could be determined and the excess 
water removed from time to time. 

The cascade-type cyanoethylating equipment can 
be used to take advantage of the decreased solubility 
of water in acrylonitrile at lower temperatures, since 
the rate of the reaction with the cotton as well as the 


Cyanoethylation of Cotton Fabric in the Padder Jig Machine 
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rate of by-product formation is influenced by the wa- 
ter content of the acrylonitrile. Thus, the acrylo- 
nitrile saturated at the boiling point with water as it 
is pumped from the bottom of the treating chamber 
would be cooled, the water separating out removed, 
and the acrylonitrile heated again to 72°C in the heat 
The 
acrylonitrile flows countercurrent to the direction of 


exchanger returned to the reacting chamber. 


the fabric from one compartment to the other so that 
the fabric contacts acrylonitrile with a low water 
content in the last treating chamber. Although this 
process was not fully explored, the equipment lends 
itself to such studies. 

The cyanoethylated fabric obtained from this unit 
was thoroughly washed and then air-dried. These 
preliminary tests pointed to the feasibility of com- 
and 


mercial continuous cyanoethylation of fabric 
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TABLE IX. Cyanoethylation of Kiered and Bleached Cotton 
Fabric in the Gaston County Single Package Machine 
Using the One-Step Cyanoethylation Procedure 

Reaction NaOH Soln. 
_——-— ae Ne 
Temp. Conc. Pickup Content 
(°C) (%) (%) (%) 
63 0.25 60 0.8 
63 0.75 60 15 
63 1.25 60 1.9 
63 1.98 60 


Time 
(hr) 
0. 
0. 
0. 
0. 


aww 
tu 


- 


0. 
0. 
0. 


© 


NNN UN 


60 
60 
60 
60 
60 


mann 
ans 
aun 
ao 
- = 
muanon 


— 


0.! 


~ 


0.5 
0.5 


30 
30 


~Is] 
ww 
Nee 
nn 


0.: 
0.5 


60 
60 


oo OO 
mun 
-~ 
oO 
Nn 
nun 


1 
1 
0.5 
0.5 
0.! 


~ 


wuununwnu 


60 
60 
60 
30 
15 


~~ 
Uuununnown 


sa 


——e me me © 
oc 


~s 
me the bh 
mnmomon 


possibly of yarn in warp form as well as bulk cotton 
in lap or other organized assembly form. 


B. One-Step (Caustic Solution Dispersed in Acrylo- 
nitrile ) 

The one-step procedure for the cyanoethylation of 
cotton lias thus far been confined to the batch treat- 
ment in the package-treating machine of cotton fabric 
and yarn, but undoubtedly it can be extended to the 
tatch treatments of bulk fibers as well. In addition, 
the process should lend itself to the continuous treat- 
ment of cotton fiber, yarn, and fabric. 

1. Batch System Using the Package Dye Machine. 
a. Laboratory. In studying the reaction variables, a 
4-yd piece of 80 x 80 kiered and bleached print cloth 
31 in. wide was folded along the warp direction into 
a strip approximately 6 in. wide. As described in 
IAl(a) above, this folded strip was wound onto a 
15¢-in. dyeing spring and secured by wrapping the 
outside with string. A 15¢-in. dye tube was inserted 
into the spring, and the fabric package was placed in 
the 1-lb Gaston County Package Machine. 

After the machine had been closed and the valves 
adjusted for the treating cycle, 5500 ml of acrylo- 
nitrile were introduced through the expansion tank. 
The acrylonitrile was circulated through the package 
while the reaction temperature was attained; then 
a solution of sodium hydroxide of the desired con- 
centration was introduced into the acrylonitrile. The 
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amount of sodium hydroxide solution used was 60% 
of the dry weight of the fabric, which was approxi- 
mately equivalent to the amount of caustic solution 
normally in the fabric after it was centrifuged using 
the two-step procedure. 

The expansion tank was then shut off from the 
circulating system, and the reaction was carried out 
in the manner previously described. Some of the 
preliminary results are shown in Table IX. From 
this work indications were found that byproduct 
formation was decreased by use of the one-step pro- 
cedure and at the same time the centrifuging process 
used in the two-step procedure could be eliminated. 

This procedure was also varied by dispersing the 
calculated amount of dilute sodium hydroxide solu- 
tion in the acrylonitrile prior to circulation through 
the fabric package so that both reagents contacted 
the cotton simultaneously. 

2. Pilot Plant Using the 50-Package Dye Ma- 
chine. The 50-package 2-kier Gaston County Dye 
Machine [IAl(a)] was used with yarn wound on 
Davidson springs (Figure 15). It was found pos- 
sible to put as many as 70 packages in the machine 
for a total of 98 lb, but normally about 70 lb com- 
prised a charge (Figure 16). 

To 530 lb of acrylonitrile contained in a circulating 
tank connected to the two kiers a mixture of 1 Ib of 
sodium hydroxide and 0.5 Ib of AEROSOL-OS dis- 
solved in 42 lb of water was added. The mixture 
was then circulated through a centrifugal pump, 
while agitation was supplemented by the use of a 
Lightning mixer placed in the top of the circulating 
tank. After circulating for 30 min in this way at 
room temperature, an emulsion of the sodium hy- 
droxide solution in the acrylonitrile was obtained. 
The two kiers of the package treating machine were 


Fig. 15. Davidson Spring and packages of yarn before and 
after compressing on spindles. 
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then loaded with 67 lb of cotton yarn containing 6% 
moisture in the usual manner, and after closing the 
kiers the emulsion of sodium hydroxide solution in 
acrylonitrile was pumped through the packages at 
room temperature, 24°C, for 30 min. This resulted 
in a liquor to cotton ratio of 10.7 to 1. At the end 
of this time the temperature of the liquor, while be- 
ing continuously circulated through the packages, 
was raised over a period of 5 min from 24°C to 68°C. 
The rate of flow of the liquor through the packages 
was approximately 250 gal per min. The circulation 
was continued for 30 min at 68°C, after which the 
liquor was cooled to room temperature and the sodium 
hydroxide neutralized with an aqueous phosphoric 
acid solution. The 


yarn in the kiers of the package machine was then 


acrylonitrile remaining in the 
removed by washing with water. It was found that 
about 90% of the acrylonitrile retained by the pack- 
ages was removed by three charges of water weigh- 
ing roughly 700 Ib each. These wash waters were 
collected and, with the spent acrylonitrile liquors 
from the reaction, subjected to flash distillation for 
recovery of the unreacted acrylonitrile. The yarn 
packages, after thorough washing in the package 


Fig. 16. Yarn packages ready to be cyanoethylated. On 
left, yarn on regular 18-in. perforated tubes, 25 packages to 
each kier; on right, yarn on Davidson springs, 35 packages 
to each kier. 
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machine with water to remove all traces of acid and 


salts, were removed, centrifuged, and carried to a 


package drying unit, where warm air was blown 
through them until they were substantially dry. 


From the 7/1 cotton yarn treated in this instance, 
81 Ib of cyanoethylated cotton yarn, containing 4.5% 
nitrogen, was obtained. Simultaneously, with the 
reaction of acrylonitrile with cotton, the acrylonitrile 
also reacted with part of the water present, so that 
30 lb of acrylonitrile went into by-product formation 
while 14 Ib of acrylonitrile were fixed on the yarn. 
This gave a ratio of acrylonitrile going into by-prod- 
uct formation to acrylonitrile fixed on the yarn of 2.1 
to 1, or a reaction efficiency of 32%. The effective 
initial caustic calculated to be 
2.1%, and the ratio of caustic to cotton was 0.016. 
Using a modified one-step procedure, 400 Ib of 


acrylonitrile containing 5.1% ODP were placed in 


concentration was 


a circulating tank connected to the kiers, and a 
mixture of 3.65 lb of sodium hydroxide and 0.5 Ib 
of Aerosol-OS dissolved in 49 lb of water 
added. The mixture was then circulated through 
a centrifugal pump while agitation was supplemented 


was 


by use of a Lightning mixer placed in the top of the 
circulating tank. After agitating for 30 min in this 
way at room temperature, an emulsion of the sodium 
hydroxide solution was obtained. One of the two 
kiers of the package treating machine was then 
loaded with 38 Ib of yarn containing 6% moisture 
in the usual manner, whereas the other kier was cut 
out of the system. This resulted in a liquor to cot- 
ton ratio of 10.1 to 1. After closing the charged kier, 
the emulsion of sodium hydroxide solution in acrylo- 
nitrile was pumped through the packages at room 
temperature, 24°C, for 30 min, reversing the direc- 
tion of flow at 4-min intervals. At the end of this 
time the temperature of the liquor while being con- 
tinuously circulated through the packages was raised 
over a period of 5 min from 24°C to 38°C. The 
rate of flow of the liquor through the packages was 
approximately 250 gal per min. The circulation was 
continued for 30 min at 38°C, after which the liquor 
was cooled to room temperature and the sodium hy- 
droxide neutralized with an aqueous phosphoric acid 
solution. The packages of 7/1 yarn after thorough 
washing anc drying, as described above, weighed 
45.4 lb and upon analyzing were found to contain 
4.3% nitrogen. The spent liquor from the reaction 
sampled at the completion of the reaction contained 
10.9% ODP. Thus 16 lb of acrylonitrile went into 


by-product formation, while 7.4 lb were fixed to the 
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Fig. 17. Water content of the cyanoethylation mixture 
during the various phases of the reaction when the initial 


water content is 6%, using the one-step procedure. 
yarn. This gave a ratio of acrylonitrile going into 
by-product formation to acrylonitrile fixed on the 
yarn of 2.2 to 1, or a reaction efficiency of 31%. It 
will be noted that the effective caustic concentration 
in this run was 7.1% in the water phase of the emul- 
sion initially ; the ratio of caustic to cotton was 0.10. 

In other runs acrylonitrile going into ODP for- 
mation was found to be limited to about the same 
amount as that fixed to the cotton. 

A sample of yarn taken from the above run after 
the 30-min circulation of the treating liquor at 24°C 
was freed of caustic and acrylonitrile by acid neutrali- 
zation and water washing. After drying the cyano- 
ethylated yarn had a nitrogen content of 2.2%, 
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Fig. 19. Water content of the cyanoethylation mixture 
during the various phases of the reaction when the initial 
water content is 8%, using the one-step procedure. 
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indicating that the reaction proceeds fairly rapidly 
during the circulation period prior to raising the 
temperature to 38°C. 

That the water and sodium hydroxide approach 
an equilibrium between the liquid phase and the cot- 
ton during the first 10 min of circulation is shown 
in Figures 17, 18, and 19. The water concentration 
of the liquid phase is reduced to about one-half its 
original amount while the sodium hydroxide concen- 
tration is reduced tenfold during the first 10 min of 
circulation. When the mixture contained 6% water 
at the beginning, the water content of the liquid 
phase approached the solubility limit of water in 
acrylonitrile at 24°C (which was the approximate 
temperature maintained during cold circulation). 

As the reaction temperature was increased, the 
water was dissolved in the liquid phase. In the 
series of experiments performed with 6% water in 
the liquid phase at the beginning, slightly more than 
6% appeared after the reaction mixture was heated. 
This is probably caused either by water retained in 
With 
8% water at the start, the liquid phase approached 
8% water content as a limit during reaction. At 
10% the limiting factor for the water content during 
the reaction period was the solubility of water in 
acrylonitrile, so the water content of the liquid phase 
did not approach 10% in this series. Increasing the 
sodium hydroxide concentration from 0.014 lb to 
0.021 Ib per pound of cotton had no apparent effect 
upon the distribution of water between the yarn and 
liquor phases. 


the system or regain moisture in the yarn. 
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Fig. 19. Water content of the cyanoethylation mixture 


during the various phases of the reaction when the initial 
water content is 10%, using the one-step procedure. 
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Fig. 20. Caustic depletion of liquid phase during the 
one-step cyanoethylation of cotton when the caustic to cotton 
ratio is 0.014 to 1. 


The operations show that the variable that has the 
most effect upon reaction efficiency appears to be the 
sodium hydroxide concentration and that it should 
be kept as low as possible for the desired nitrogen 
content of the yarn. 

The data in Figures 20 and 21 show the effect of 
time of cold circulation upon the sodium hydroxide 
Note that the 
sodium hydroxide concentration drops by a factor 
The 


sodium hydroxide was absorbed most rapidly from 


concentration of the liquid phase. 
of 10 during the first 5 min of cold circulation. 


the highest sodium hydroxide concentration. 

Inasmuch as the one-step procedure will be dis- 
cussed in greater detail in a paper to be presented 
from the American Cyanamid Company Laboratory, 
suffice it to say at this time that the rate and extent 
of cyanoethylation of cotton may be realized along 
with a minimum of ODP by-product formation by the 
proper control of the reaction variables of time, tem- 
perature, initial caustic concentration in the water 
phase of the caustic solution-acrylonitrile dispersion, 
and the related final ratio of caustic to cellulose as 
well as the concentration of the water phase in the 
acrylonitrile. 

The one-step cyanoethylation process results in 
(1) less handling costs in the case of yarn treatment, 
(2) decreased by-product formation, (3) the use of 
water-saturated acrylonitrile in the reaction, and 
(4) decreased over-all time for treatment. Proper 
control of these factors tends to improve the eco- 
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Fig. 21. Caustic depletion of the liquid phase during the 
one-step cyanoethylation of cotton when the caustic to cotton 
ratio is 0.021 to 1. 


nomics of the cyanoethylation process so that at the 
present time only 2 lb of acrylonitrile are required 
for each 6 lb of cyanoethylated cotton, with a nitrogen 
content of 3.5 to 4.0% produced. It is possible that 
even greater reaction efficiency may be achieved in 
large-scale production. 


Il. Vapor Phase Acrylonitrile, or Condensed Vapor 
Phase 


The equipment used for the continuous cyano- 
ethylation of cotton fiber, yarn, and fabric in the 
liquid phase (Figure 14) could also be used for cy- 
This 


could also be stated to be the case with the various 


anoethylation in the condensed vapor phase. 


batch treatments. 
The continuous cyanoethylation of yarn or fabric 


after impregnating with dilute caustic solution may 


be readily achieved by passing the fabric into vapor 
of acrylonitrile, preferably at the boiling point. A 
convenient apparatus used in the laboratory and 
readily modified for large-scale production, as shown 
in Figure 22, makes use of molten metal seals for 
retaining the acrylonitrile in the reaction chamber. 
These serve at the same time as squeeze rolls to re- 
both 
acrylonitrile. 


move excess caustic presteep solution and 


A 22/5/3 cotton tire cord was impregnated with 
Qe 


a 2% sodium hydroxide solution at 45° to 50°C con- 
tained in the first dip tank, 1 by immersion, and the 


excess caustic removed by passing through the molten 
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metal U’ tube legs, 5 and 6, heated to a temperature 
of 75°C. The cord then passed at the rate of 1 yd 
per min into the acrylonitrile vapor at 71° to 72°C 
in the central reaction vessel U 7. The time of con- 
tact was determined in part by the number of rolls 
and the length of the travel provided in this vessel, 
but in the present instance a contact time of 1.5 min 
was used. 

The cord after impregnation with acrylonitrile 
then passed through a second molten metal U-shaped 
vessel, U", the legs of which were of such length as 
to remove as much acrylonitrile as possible by pres- 
sure. At the same time the temperature in this 
U vessel was regulated so that the residual acrylo- 
nitrile reacted with the cotton. The pressure should 
force the acrylonitrile into the fiber and yarn struc- 
ture and cause more uniform and complete reaction 
to take place. 

After reaction the cord passed from the second 
leg of the U” vessel practically free of acrylonitrile 


and into an acid sour containing 0.5% H,SO, at 


Sent a nee one 














Fig. 22. Apparatus for the cyanoethylation of cotton cord, 
yarn, and fabric by the condensed-vapor-phase procedure. 
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55°C, in vessel 26. The sour wash may be omitted 
and the cord thoroughly washed with water at 80° to 
90°C... 
contain 0.62% nitrogen. 


Upon analysis the dry cord was found to 


In a similar modified experiment Indian Head 
cotton fabric was steeped in 2% sodium hydroxide 
solution for 5 min at room temperature and squeezed 
The fabric was 
then rolled up and pulled through a chamber of 


to an increase in weight of 100%. 


water-saturated acrylonitrile vapor at 71°-72°C at 
such a rate that all parts &f the fabric were uniformly 
exposed for a period of 2.5 min. The acrylonitrile 
vapor was obtained from a boiling solution contained 
in a vessel attached to the reaction chamber. Reflux 
condensing means were attached to the chamber to 
The 
fabric was shielded from the cold acrylonitrile con- 
densate by a baffle. 
caustic with acid and washing thoroughly, the fabric 
was dryed. 


condense vapor that would otherwise escape. 
After neutralizing the excess 
It was found to contain 3.0% nitrogen. 


In pilot-plant studies now being jointly conducted 
by Monsanto Chemical Company and the Institute, 


in which the condensed vapor phase cyanoethylation 


procedure is used for the continuous treating of cot- 
ton fabric, ODP formation of acrylonitrile of the 
order of 1:1 have been achieved. This process has 
many economic advantages and is readily adaptable 
to commercial production. 


Commercial Considerations 


The chemical modification of cotton by 


ethylation has been found to cause the least change 


cyano- 


in the intrinsic or morphological structure of any of 
As a result of 
cyanoethylation to a nitrogen content in the range of 


the various reactions investigated. 


3.5 to 4.0%, a new textile fiber is formed which has 
most of the desirable properties of cotton but in ad- 
dition (1) is immune to microorganism attack, such 
as mildew and bacteria, (2) is more resistant to heat 
degradation, (3) is more resistant to acid degrada- 
tion, (4) has greater dye affinity for many dyes in 
all classes of dyestuffs, and (5) is more resistant to 
abrasion in some uses. At the present time a market 
evaluation program is being conducted to determine 
whether these additional properties are sufficiently 
outstanding in comparison with other fibers now 
available to compensate for the increased cost over 
that of cotton. 

The various methods which have been employed 
in the laboratory and in pilot-plant studies for the 
cyanoethylation of cotton fiber, yarn, and fabric have 
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been given consideration. The laboratory methods 
presented are of importance, since they are the fore- 
runners of the pilot-plant studies. The methods used 
may be broadly classified into those in which (1) 
liquid acrylonitrile reacts with the cotton in the pres- 
ence of aqueous sodium hydroxide and (II) those in 
which vapor, or condensed vapor, of acrylonitrile 
The 
first of these methods can be further considered from 
the point of view of how the aqueous caustic is made 


reacts with the cotton using the same catalyst. 


available to the cotton, namely (A) by presteeping 
the cotton in dilute caustic solution and squeezing 
out the excess prior to contacting the acrylonitrile, 
i.e., the two-step procedure, and (B) introducing 
the aqueous caustic solution simultaneously with the 
acrylonitrile, i.e., one-step or caustic-solution-dis- 
persion method. These methods may be used either 
on (1), a batch basis employing (a) a package treat- 
ing machine, (b) an enclosed jig, or (c) other suit- 
able commercial equipment that can be closed, or (2) 
a continuous basis. The latter has thus far only 
been used for treating fabric. The condensed vapor- 
phase acrylonitrile reaction (II) has been limited to 
a two-step continuous operation on yarn, cord, and 
fabric but doubtless can be extended to batch opera- 
tions and to bulk fiber, using the Gaston County 
Package Treating machine. 

The pilot-plant work has been limited to (1) liquid 
acrylonitrile, in (A) two-step and (B) one-step op- 
erations. In the case of the enclosed jig pilot-plant 
work, only (1) liquid acrylonitrile in a two-step op- 
eration on fabric has been used. Employing the two- 
step procedure with liquid acrylonitrile in the Gaston 
County package machine, about 17,000 lb of yarn and 
600 Ib of bulk fiber were cyanoethylated; with the 
enclosed jig about 18,000 yd of fabric were treated. 
This material is that referred to above as being tested 
in an extensive market evaluation program. 

It was recognized from the beginning that the 
pilot-plant procedures employed were not necessarily 
the most efficient but would serve the purpose of mak- 
ing available sufficient cyanoethylated cotton for a 
As a result of 
the work done it can now be stated that the one-step 


comprehensive market evaluation. 


cyanoethylation procedure makes batch operations 


feasible since the amount of acrylonitrile lost in by- 


product formation can be controlled so that it is no 
greater than that fixed to the cotton. Thus for every 
6 lb of cyanoethylated cotton produced with a nitro- 
gen content of 4.0 + 0.3%, 2 lb of acrylonitrile will 


he required. A similar situation exists in the case of 


65 


the two-step cyanoethylation procedure using a con- 
tinuous condensed-vapor-phase procedure. These 
are thus the processing procedures showing the 
greater promise for commercial exploitation. 

The Institute of Textile Technology expects to 
make the various processes available to the textile 
industry at an early date through a licensing ar- 
Both Mon- 
santo Chemical Company and American Cyanamid 


rangement based on patents pending. 


as principal producers of acrylonitrile will give tech- 
nical assistance to those interested in the production 
of cyanoethylated cotton fiber, yarn, and fabric. 


Acknowledgment 


The laboratory work herein reported on the cyano- 
ethylation of cotton was carried out during the past 
six years at the Institute with a research team com- 
posed of the following, in addition to the authors: 
Jerry Garrett, William R. Musick, Catesby Jones, 
Martha M. Barber, and F. P. McKenna. 

The pilot-plant work at Standard-Coosa-Thatcher 
Company, Rossville, Georgia, was made possible by 
the American Cyanamid Company, whose personnel 
designed and supervised the installation of the equip- 
ment and assisted in the operation. In particular 

J. Weith, J. F. Bourland, 
John Borda, and John McGreevy of the Chemical 
Construction Corporation. 


should be mentioned A. 


The cooperation of Stand- 
ard-Coosa-Thatcher Company in furnishing main- 
tenance and operating personnel and assistance with 
the preparation of yarns for treatment and shipment 
is gratefully recognized. Special mention is made 
of Herschel Harris, President, Aubrey Hobbs, and 
Henry H. Eagar, Jr., for their sustained interest and 
enthusiasm in the project. 

The semiworks plant at Monsanto Chemical Com- 
pany, Texas City, Texas, was made possible by the 
joint effort of Fulton Bag and Cotton Mills, Atlanta, 
Georgia, and Monsanto personnel. The special ef- 
forts of F. F. Ogden, J. V. Waggoner, H. H. Morris, 
H. M. Walker, W. R. Johnson, and Jerry Price is 
acknowledged. 

Technical personnel furnished by Institute mem- 
ber mills to the Institute for the operation of the pilot 
plants included Charles B. Palmer, Deering, Milliken 
Company; G. O. Etchison and O. M. Fuller, Jr., 
West Point 
Hennessee, Dixie Mercerizing Company. 


Manufacturing Company, and S. C. 
The tech- 
nical assistance rendered in this wav enabled the 
work to proceed on a sound operational basis and is 
gratefully acknowledged. 





Literature Cited 


. Bailey, T. L. W., Jr., in Matthews’ Textile Fibers, 
6th ed., H. R. Mauersberger, Ed., Wiley, New 
York, p. 151 (1954). 

2. Bruson, H. A., Organic Reactions, Vol. 5, Wiley, 
New York, p. 79 (1949). 

. Catlett, Mamie W., Giuffria, Ruth, Moore, Anna T., 
and Rollins, Mary L., TExTILE RESEARCH JOURNAL 
21, 880 (1951). 

. Compton, Jack, Advances in Carbohydrate Chem- 
istry, vol. III, p. 185 (1948). 

‘on, Jack, Am. Dyestuff Reptr. 43, 103 (1954). 
. Jack, Contrib. Boyce Thompson Inst. 11, 
41). 
Jack, Martin, W. H., Word, B. H., Jr., 
aompson, D. D., Textile Inds. 117, 138A 
(arod). 

3. Compton, Jack, Martin, W. H., Word, B. H., Jr., 
and Barber, Richard P., TeExTrLeE ReseEARCH JourR- 
NAL 25: 58 (1955). 

. Conrad, C. M., and Berkley, E. B., Textile Research 
8, 341 (1938). 

. Farr, Wanda K., Contrib. Boyce Thompson Inst. 
10, 71 (1938); J. Phys. Chem. 42, 1113 (1938). 

. Fordemwalt, F., and Kourtz, R. E., Textite Re- 
SEARCH JOURNAL 25, 84 (1955). 


TEXTILE RESEARCH JOURNAL 


. Grant, James N., Greathouse, Lucien H., Reid, J. 
David, and Weaver J. W., Textite RESEARCH 
JourNAL 25, 76 (1955). 

. Hock, C. W., Ramsey, R. C., and Harris, M. J., 
J. Research Natl. Bur. Standards 26, 93 (1941). 

. MacGregor, J. H., J. Soc. Dyers Colourists 67, 
66 (1951); 67, 74 (1951). 

15. Mark, H., Chem. Rev. 26, 169 (1940). 

16. Meyer, K. H., and Misch, L., Helv. Chim. Acta 20, 
Zan (1937). 

7. Nageli, C., Die Starkekorner, F. Schulthub, Zurich 
(1858); Nageli, C., and Schwenderner, S., Das 
Mikroskop. 2nd Aufl., W. Englemann, 
(1877). 

. Nickerson, R. F., and Habele, J. A., 
Chem. 39, 1507 (1947). 

. Roelofsen, P. A., Biochim. et Biophys. Acta 7, 43 
(1951). 

. Sisson, W. A., R. F. Monograph, High Polymers, 
vol. V., “Cellulose and Cellulose 
Interscience, New York (1943). 

. Tripp, V. W., Moore, Anna T., and Rollins, Mary 
L., TEXTILE RESEARCH JOURNAL 21, 886 (1951). 

. von Bergen, W., and Krauss, W., Textile Fiber 
Atlas (1942). 


Leipzig 


Ind. Eng. 


Derivatives,” 


Manuscript received November 9, 1955. 


A Program of Microscopical Research 
on Soiling in Cotton 


Abstract 


Blanche R. Porter, Charles L. Peacock, Anna T. Moore, 
Verne W. Tripp, and Mary L. Rollins 


Southern Regional Research Laboratory, New Orleans, Louisiana 


Toward the ultimate goal of a built-in resistivity 
to soiling, investigations have been initiated to de- 
velop basic information on the mechanism of soiling 
of cotton fibers. Electron microscope studies of sur- 
face replicas of individual fibers have shown the fre- 
quency, depth, and size of wrinkles and grooves 
which are characteristic of untreated cotton, and the 
relation of these irregularities to entrapment of soil 
The ef- 


fects of bleaching and mercerization on soiling have 


particles of certain ranges of particle size. 


been compared, and the changes brought about by 
certain retardants or other treat- 
ments on fiber surface roughness have been observed. 


commercial soil 


The relation of these findings to the ease of soiling 
are currently being studied, but tests are incomplete. 


Preliminary observations indicate that soil resistance 
involves geometric or physical saturation of soil sites 
on the fiber surface that normally would be occupied 
by soil particles. The comparative excellence of soil 
retardants of the colloidal metallic oxide type lends 
credence to this theory. Water repellants of the 
substituted ketene type and the silicone and acrylic 
resins used in these experiments, although they ef- 
fectively cover the natural fiber surface rugosities, 
also, apparently, present a “tacky” surface for hold- 
ing soil. 

This is a progress report of initial phases of a 
rather complex study. Findings and conclusions will 
be reported in detail at the completion of the 
investigation. 
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One-Step Process for the Cyanoethylation 
of Cotton 


Arnold H. Gruber and Norbert M. Bikales 


Stamford Research Laboratories, Research Division, American Cyanamid 
Company, Stamford, Connecticut 


Abstract 


A simplified one-step process for the partial cyanoethylation of cotton yarn and 
stock in the package dyeing machine is described. 


The new feature of this process consists of mixing the required amount of caustic 
solution with the acrylonitrile, circulating the mixture cold until even distribution of the 
caustic is obtained on the cotton, and only then heating to reaction temperature. 

The principal advantages of this procedure are that it eliminates the centrifugation 
operation of the previously reported two-step process and that it allows the use of water- 
saturated acrylonitrile with no concurrent increase in by-product formation. 

Cotton treated by this process is shown to have the improved physical properties 


characteristic of cyanoethy!ated cotton. 


Reconversion of cyanoethylation by-products to acrylonitrile has been achieved and 


should prove to be of practical importance. 


Introduction 


Cyanoethylation is the addition reaction of a com- 
pound containing active hydrogen atoms to the 
carbon-carbon double bond of acrylonitrile. This 
reaction generally requires an alkaline catalyst [1]. 

The partial cyanoethylation of cellulosic materials 
was first reported in 1938 [8]; however, it was not 
until recently that much attention was focused upon 
the commercial possibilities of this modification of 
cellulose. 

Experiments carried out at the Institute of Textile 
Technology |4] have shown that improved physical 
properties, such as increased resistance to rot and 
heat, are obtained by cyanoethylation of cotton to the 
extent of about 0.5 cyanoethyl group per anhydro- 
glucose unit, equivalent to a nitrogen content of 
3.5%. This work also demonstrated the utility of 
commercial package dyeing equipment for the cyano- 
ethylation of cotton yarn. 

A pilot plant utilizing a 50-package Gaston County 
dyeing machine was put into operation in October, 
1954, at Rossville, Georgia, as a joint venture of the 
American Cyanamid Company, the Institute of Tex- 
tile Technology, and the Standard-Coosa-Thatcher 
Company [5]. At this pilot plant, about 15,000 Ib 
of cyanoethylated yarn and stock have been prepared 
to date for field evaluation. 


The cyanoethylation procedure used by the Insti- 


tute of Textile Technology and reported by Compton 
and his co-workers [4] is frequently referred to as 
a two-step procedure because of the separate caustic 
and acrylonitrile circulation steps. When used in the 
package dyeing machine, the caustic pretreated pack- 
age must be removed from the kier, centrifuged to 
rid it of excess caustic, and replaced in the kier prior 
to the acrylonitrile circulation step. 

In view of the interest of the American Cyanamid 
Company in the cyanoethylation treatment, a study 
was made at the Stamford Research Laboratories to 
aid in the determination of optimum conditions for 
the treatment of cotton yarn and stock in the pilot 
plant. In the course of this work, it was found that 
with the two-step procedure, a considerable quantity 
of acrylonitrile was consumed in a side reaction with 
water to form £,f’-oxydipropionitrile. Under condi- 
tions reported by Compton [4], this reaction used 3 


to 7 times as much acrylonitrile as the cyanoethyla- 


tion of cotton. The competing reactions of cellulose 


and water with acrylonitrile are shown here. 


NaOH 
CHCN + 
Cell-O-CH,CH:CN 


Cyanoethylated cellulose 


Cell-OH +°CH, 


NaOH 
H.O + 2 CH: = CHCN —— O(CH:2CH:2CN). 


8,8’-Oxydipropionitrile 
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To overcome this unfavorable utilization of acrylo- 
nitrile and the disadvantages inherent in the necessity 
for centrifugation of the cotton packages, various 
modifications in the procedure were investigated. 
Laboratory results obtained with a one-step cyano- 
ethylation procedure, involving the simultaneous ad- 
dition to the reactor of the required amount of caustic 
solution and excess acrylonitrile, thus eliminating 
the centrifugation operation, were sufficiently en- 
couraging to warrant an extensive investigation in 
the package dyeing machine. 


Apparatus 

For the experimentation, a Gaston County single- 
package dyeing machine was used. To minimize 
hazards in the handling of acrylonitrile, spot ventila- 
tion was provided at all inlet and exit lines (Figure 
1). All electrical equipment on the package dyeing 
machine and in the building housing the apparatus 
was explosion-proof. With these precautions, no dif- 
ficulty was encountered in the handling of acrylonitrile. 


Preliminary Experiments 

Preliminary experiments indicated the operability 
of the one-step procedure in the package dyeing ma- 
chine. It was noted, however, that a serious new 
problem existed. Analysis of the treated cotton re- 
vealed that the reaction was quite nonuniform in 
various sections of the package. Circulation of the 
caustic solution and acrylonitrile mixture through 
the cotton package for about 10 min at room tem- 
perature prior to heating to reaction temperature 
was found to overcome the problem of nonuniformity. 
The effectiveness of cold 
trated in Table I. 

The cold circulation period allows sufficient time 


this circulation is illus- 


for the even distribution of caustic throughout the 
cotton package prior to effecting a significant degree 
of cyanoethylation. Enough caustic solution, how- 


ever, must be present to adequately wet the cotton. 


TABLE I. 


Cold 
Circu- 
lation 
lime NaOH 
(min) (% 
0 2.0 
10 2.0 
0 2.4 
10 2.4 


NaOH 

Solution 
Added: 
) Cotton 


Reaction 
Temp. 
(°F) 
0.65 165 
0.65 165 
0.60 155 
0.60 155 


Conditions of Cyanoethylation 


TEXTILE RESEARCH JOURNAL 


Fig. 1. View of single-package dyeing machine equipped 


with spot ventilation. 


Statistical Study of the One-Step Process 


A statistical study was designed to investigate the 
interaction of the cyanoethylation variables in the 
one-step process and to determine optimum condi- 
tions for operation. 


Procedure 


The procedure used in the statistical study was as 
follows: 

The calculated amount of dilute aqueous NaOH 
solution, containing 0.1% by weight of Aerosol’ 
OS Surface Active Agent, was mixed with sufficient 


1 Reg. U. S. Pat. Off. (American Cyanamid Company ). 


Effect of Cold Circulation 


Nitrogen of Package 

Reaction (%) 
Time 
(min) 


Inside Middle Outside 


40 4.3 3.4 
40 3.6 3.6 
40 FY | y Be | 
40 3.4 3.3 
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excess commercial grade acrylonitrile (0.8% water) 
to fill the 6-liter kier system. This mixture of 
acrylonitrile and water phases, was charged to the 
package dyeing machine containing a package of 
40’s/2 combed yarn and circulated through the cotton 
for 10 min at room temperature. During this cir- 
culation, the flow of liquid was directed through the 
package in alternate 2-min inside-out, outside-in 
cycles. 

At the end of this cold circulation period, the kier 
was heated to cyanoethylation temperature with 
cycling of the liquid through the package continued 
as before. After the desired reaction time, the mix- 
ture was cooled and the caustic neutralized with con- 
centrated phosphoric acid. The cyanoethylating so- 
lution was then drained into a tared receiver and 
sampled. 

The cotton package remaining in the kier was 
given three 5-min water washes to recover adhering 
acrylonitrile and an additional 7-min running wash. 

After removal from the kier and drying, the cotton 
was wound onto three spools designated inside, mid- 
dle, and outside by the initial position of the yarn in 
the package. Skeins taken from each of the spools 
were analyzed for nitrogen content using the Kjeldahl 
procedure, modified by the elimination of the acid- 
digestion step. 

Acrylonitrile determinations by the mercaptan 
method [2] were carried out on all acrylonitrile- 
containing streams. 

From these analyses, an acrylonitrile material bal- 
ance was calculated for each run. These results will 
be expressed as the Acrylonitrile or AN ratio, defined 
as follows: 


AN ratio= 


Weight 
( of AN )- 
charged 


Weight of AN reacted with cotton 


Weight 
of AN + 
unreacted 


reacted 
with cotton 


Weight of AN ) 


Since acrylonitrile handling losses were virtually 
negligible, the numerator of this expression can also 
be called weight of acrylonitrile lost in side reactions. 
It is evident, therefore, that a low AN ratio corre- 
sponds to a low amount of by-product formation 
under the conditions of reaction. 


Study of Variables 


The major independent variables affecting the de- 
gree of cyanoethylation and amount of by-product 
formation in this study are (1) NaOH concentra- 
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tion, (2) amount of NaOH solution added,? 


temperature of cyanoethylation, and (4) 


(3) 
time of 
cyanoethylation. 

For this study a 25-run composite design scheme 
was utilized [7], consisting of a two-level design 
of the four variables, augmented with further levels 
to determine second-order responses (Table II, set 
1). Additional runs were made (set 2) to explore 
the particular area of conditions which appeared te 
offer greatest promise. 

The choice of variable levels was dictated in many 
Combi 
nations of levels of the variables likely to result in 


cases by the necessity for safe operation. 


acrylonitrile polymerization, for example high tem- 


peratures and high NaOH concentrations, were 


avoided. 
Interpretation of Results 
From the results of these experiments, two gen- 
eral response equations were calculated relating the 
degree of cyanoethylation and the AN ratio to the 
independent variables (Table III). These equa- 
tions were derived by interpolation and, consequently, 
they are of doubtful validity outside the area of study. 
Estimates of error of the response equations (as 
The 


standard deviation of the AN ratio was dependent 


standard deviations) are shown in Table IV. 


upon experimental error, error attributable to in- 
adequacy in fitting the response equations to the 
data, as well as upon results obtained in runs where 
nonuniform reaction took place. 

An independent estimate of standard deviation 
obtained in replicate experiments under conditions 
more realistic 
1.0 for 


of uniform cyanoethylation gave the 
values of + 0.50 for per cent nitrogen and 
the AN ratio. 

For this study, optimum conditions of cyanoethyla- 
tion were defined as those conditions yielding : 

1. A degree of cyanoethylation of from 3.0 to 3.5% 
nitrogen. 

2. Uniformity of cyanoethylation throughout the 
package (less than 0.5% nitrogen difference between 
the various sections). 

3. Minimum by-product formation (low AN 
ratio). 

Simultaneous solution of the equations for these 
conditions strongly suggested that 2.0% NaOH and 
a reaction time of 40 min were near the optimum. 
Holding these variables constant, the effect of reac- 

2 The amount of water from other sources, i.e., the acrylo- 
nitrile and the cotton, was essentially constant. 
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TABLE II. Experiments for Statistical Study 


Conditions of Cyanoethylation 


NaOH Nitrogen 
Solution Reaction Reaction (%) 
NaOH Added: Temp. Time - —— 
(%) Cotton (°F) (nin) Inside Middle Outside AN Ratio 


First Sett 

150 3.4 
135 2.0 
135 2.6 
3.0 165 5.0 
3.0 165 3.6 
3.0 135 2.6 
3.0 135 8 
3.0 165 
3.0 165 
4.0 ‘ 150 
4.0 ‘ 120 
4.0 : 150 
4.0 ; 150 
4.0 . 150 
4.0 ; 180 
4.0 150 
5.0 135 
5.0 135 
5.0 165 
5.0 165 
5.0 135 
5.0 135 
5.0 165 
5.0 165 
150 


2.0 
3.0 
3.0 


Sot 


— 
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So 
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Second Se 


nf 


0.65 150 
0.65 180 
0.60 155 
0.65 165 
0.60 150 
0.60 180 
0.70 150 
0.65 150 
0.60 155 


Ne Ww 
ou ot © 


Nmrhm ee w 
oo — 


wh NN Wh & tO 
vo) 


w 


*Some acrylonitrile polymerization observed. 
t Carried out in statistically randomized order. 





TABLE III. Response Equations 


Average per cent nitrogen = 3.80 + 0.40X, + 0.43X. + 0.62X; + 0.19X, — 0.11X2 
— 0.27X.2 — 0.09X;? + 0.05X2 — 0.11X1X. — 0.09X LX; 
+ 0.05X1X4 + 0.05X2X3 + O.11NX2X4 — 0.18 N3N4 
AN ratio = 3.76 +- 0.84X, + 2.01X. + 2.15X3 + 0.34X4 — 0.35X2 + 0.43.X.2 
+ 0.69X;? — 0.09X2 + 0.97XiX2 + 1.04X1X3 + 0.64X1N, + 1.31X2X; 
+ O.78X2N4 + 0.78 NX 3X4 
where 
per cent NaOH charged — 4.0 


(LNaOH solution added: cotton] 100 — 50) 


15 


Reaction temperature, °F — 150 


15 ‘ats 


Reaction time, min — 40 
10 
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TABLE IV. Standard Deviations 


Independent 
Estimate of 
Standard 
Deviation 


Standard 
Deviation 


+0.60 
+2.2 


+0.50 
+1.0 


Per cent nitrogen 


AN ratio 


tion temperature and of the NaOH solution to cot- 
ton ratio upon the per cent nitrogen and AN ratio 
were determined. This is shown in Figure 2. 

It is apparent that a degree of substitution of 
about 3% nitrogen can be obtained with very low 
AN ratios. 
degrees of cyanoethylation, concurrently higher AN 
ratios are found. 


At conditions necessary to obtain higher 


Other conclusions drawn were: 


1. A variety of operating conditions which yield 
Within the area of the 
study, the per cent nitrogen is strongly dependent 
upon the NaOH solution to cotton ratio. Of sec- 
ondary, but not minor, importance is the influence of 
temperature and NaOH concentration. 

2. The AN ratio is strongly dependent upon the 
NaOH concentration, especially in the 2-3% NaOH 
region, and also on the temperature. 

3. Satisfactory uniformity of treatment is obtained 
at NaOH solution to cotton ratios greater than 0.5 
and at conditions at which swelling of the cotton is 


3.5% nitrogen is available. 


not strong enough to impair the flow of liquid through 
the package. Nonuniformity obtained at low NaOH 
solution to cotton ratios is believed to be due to the 
lack of sufficient water to “wet out” the package. 

In general, investigation of the one-step procedure 
at the Rossville pilot plant, under conditions indicated 
by this study, confirmed our findings [6]. 


Extension of Area of Study 
The statistical study ‘indicated that high caustic 
concentrations and low temperatures outside of the 


area studied might give good AN ratios. In an ex- 


Fixed Voriables 


% NaOH Charged = 2.0% 
Reaction Time 40 min 


REACTION TEMPERATURE (°F) 


0.4 0.5 0.6 0.7 
NaOH SOLUTION ADDED/COTTON 
Fig. 2. 


Constant-yield contour system. 

ploratory experiment, using 9.2% NaOH, a NaOH 
solution to cotton ratio of 1.0, and 45 min reaction 
without external heating of the kier, 3.5% nitrogen 
was obtained with an AN ratio of less than 1. Fur- 
ther investigation along these lines, as well as an ex- 
amination of the physical properties of the product, 
is being carried out in cooperation with the pilot 
plant [6]. 
ditions, using the two-step process, has resisted 6 


Cotton cyanoethylated under similar con- 


weeks’ soil burial with no less in tensile strength. 


Use of Water-Saturated Acrylonitrile 


A major deficiency of the two-step process is that 
poorer AN ratios and lower nitrogen contents are 
found with the use of water-saturated acrylonitrile 
(ca. 3.5% H,O at room temperature [3]), such as 
is most conveniently obtained from the recovery of 
cyanoethylating liquors. As our two-step runs were 
generally carried out at the minimum wet pickup 


obtainable with our hydroextracting equipment 


TABLE V. Use of Water-Saturated Acrylonitrile 


NaOH 
H.O in 


Acrylonitrile 
ory 
(A 


NaOH 
) Process (% Cotton 
0.65 


0.65 


0.65 
0.38 


Solution 
Added: 


Reaction Reaction 
Temp. rime 


(°F) (min) 


148 60 
148 60 


150 40 
150 40 
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(NaOH solution to cotton ratio of 0.60-0.75, using 
less than 3% NaOH), the higher water content of 
this acrylonitrile could not be compensated for by 
further decreasing the water content of the cotton 
package. 

No such limitation exists in the one-step process. 
A correspondingly smaller and more concentrated 
NaOH added, thus maintaining the 
amount of water in the system at the desired level 


(Table V). 


solution is 


One-Step Cyanoethylation of Raw Cotton Stock 

Raw cotton stock has also been cyanoethylated by 
the one-step procedure in the package dyeing ma- 
chine. In view of the higher surface area afforded 
by stock in comparison to yarn, a NaOH solution to 
cotton ratio of at least 1.5 was found necessary for 
adequate uniformity of treatment (Table VI). 
Higher reactivities were observed with stock, thus 
requiring somewhat less drastic over-all conditions 
than those required by yarn. 


Comparison of One- and Two-Step Procedures 
Reactivity 


A comparison of the reactivity of cotton in the 
two processes, using caustic of the same concentra- 
tion under identical conditions, revealed that con- 
siderably faster reaction took place in the case of the 
two-step process (Table VII). 

The explanation for this lies in the affinity of cot- 
ton for aqueous alkali. When cotton is pretreated 
in dilute alkali and centrifuged to a given pickup, 
the average NaOH concentration of the caustic solu- 
tion on the cotton is considerably higher than in the 
pretreating bath. 

This fact has to be taken into consideration when 
comparing the two procedures. 


Runs A and B are 


TABLE VI. One-Step Cyanoethylation 
of Raw Cotton Stock * 


NaOH 

Solution 

NaOH ~ Added: 
(%) 


0 Cotton 


Reac- 
tion 
Temp. 
(°F) 
2.0 0.65 165 40 
2.0 0.80 165 40 
2.0 1.25 165 40 
2.0 1.50 165 40 
1.8 1.50 150 50 


Reac- Nt 
tion 
Time 
(min) 


o7 
Zo) 


High 


Low 


_ win 


wu ww hrs 
un 


mn 


*‘1 1/16-in. Middling grade. 
+ Nitrogen analyses reported to show 
treatment. 


the uniformity of 
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TABLE VII. Comparison of One- and 
Two-Step Procedures 


Aver- 
age 
Nitro- 
gen 


(%) 


NaOH _Reac- 
Solution tion 
NaOH Added: Temp. 
Run (%) Cotton (°F) 
A 2-step 1.4 0.74 155 40 
B l-step 1.4 0.75 155 
as 1-step 3.0 0.75 155 40 


Reac- 
tion 
Time 


Process (min) 


therefore not strictly comparable, since in Run A the 
actual caustic concentration on the cotton after pre- 
treatment is higher than 1.4%. When a 
spondingly more concentrated caustic solution is 


corre- 


used in the one-step process (Run C), a degree of 
substitution nearly identical to that of the two-step 
process is obtained. 


Physical Properties 


The physical properties of 40’s/2 yarn cyanoethyl- 
ated by the one-step procedure were determined for 
comparison with the results obtained at Stamford 
on similar yarn cyanoethylated by the conventional 
two-step procedure. 

Tensile strength and elongation at break were de- 
termined on a Scott IP-2 tester at 21°C and 65% 
R.H. The effect of 
cyanoethylation, obtained by both procedures, upon 


No 


variations in the degree of 


these properties is shown in Figures 3 and 4. 
differences are observed. 


TENSILE STRENGTH 


vs. % NITROGEN 
we T 


. nie T ae 








O ONE-STEP PROCEDURE 
X TWO-STEP PROCEDURE 








TENSILE STRENGTH (DRY),GRAMS 


500 





ee "oa L 
2 4 


% NITROGEN 


Fig. 3. Tensile strength vs. per cent nitrogen. 
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ELONGATION vs. % NITROGEN 


O ONE-STEP PROCEDURE 
X TWO-STEP PROCEDURE 


ELONGATION 


% NITROGEN 


Fig. 4. Elongation vs. per cent nitrogen. 


Cotton cyanoethylated by the one-step process 


likewise exhibited improved heat and rot resistance 
over untreated cotton. In none of these tests was 
there any statistically significant difference between 
cotton cyanoethylated to the same nitrogen content 
by the two procedures. 


Recovery of Acrylonitrile 


Neutralized liquor, obtained from the cyanoethyla- 
tion of cotton, was distilled until free of unreacted 
acrylonitrile. The residue, consisting primarily of 
B,B’-oxydipropionitrile, was subjected to catalytic de- 
hydration. An excellent conversion to acrylonitrile 
This work offers hope of further re- 


ducing treatment costs by the use of a practical 


was obtained. 
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method of recovering acrylonitrile from cyanoethyla- 
tion by-products. 
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Certain Physical Properties of Selected Samples of 
Chemically Modified Cottons’ 


James N. Grant 


Southern Regional Research Laboratory,?, New Orleans, Louisiana 


Abstract 


Measurements are given on certain physical properties of fibers and yarns for cottons 
which were chemically modified by mercerization, ethylamine decrystallization, aminiza- 


tion, carboxymethylation, acetylation, and cyanoethylation. 


The changes in physical 


properties are shown to be affected by the type of modification, the extent of reaction, 


and the tensional forces on the yarns during the treatment. 


A spread in the per cent 


change was found when untreated cottons with their natural noncellulosic constituents 
were chemically treated under controlled conditions. 


Dverinc recent years many chemical modifica- 


tions of cotton which alter the structure of the native 
cellulose have been attempted. The purpose of these 
modifications has been to improve one or more 
properties of the cotton. Several have proved very 
successful, and textile products of these modified 
fibers are found on the market. 

At the Southern Regional Research Laboratory 
one of the main objectives has been the modification 
of cotton to produce new and better textile fibers for 
certain special uses. The various types of modifica- 
tions being investigated and the specific objectives 
toward which each type is directed were discussed by 
Fisher [7] at the 1954 meeting of the Cotton Chemi- 
cal Finishing Conference. 

There has been considerable experience to show 
that inherent properties of the untreated cotton will 
influence the properties of the chemically treated 
Data were presented by Barker [1] at the 
1952 Cotton Clinic to show that increases in skein 


pre duct. 


strength of yarn resulting from mercerization were 
greater for some cottons than for others. Data from 
early studies of the current investigation showed 
that changes in fiber strength and in other properties 
were related not only to the type of chemical treat- 
ment, but also to the tensional forces on yarns during 
the treatment and to inherent properties of the raw 
materials [11]. 


1A brief summary of results of research which will ap- 
pear in greater detail in a series of papers to be published. 

2 One of the laboratories of the Southern Utilization Re- 
search Branch, Agricultural Research Service, United States 
Department of Agriculture. 


The purpose of the present investigation was to 
determine in a number of different types of modified 
cotton fibers what changes in physical properties of 
fibers and yarns accompanied chemical modification. 
The study is a fundamental investigation which is 
necessary to the understanding of factors involved 
both in the treatments and in the nature of fibers 
which must be processed. In the present report 
changes in properties associated with chemical modi- 
fication will be illustrated by selected data which 
show some of the variations due to the cottons, as 
well as trends indicated with different treatments. 
Factors responsible for the changes will be discussed 
briefly, but details will be found in a series of articles 
on the physical properties of chemically modified cot- 
tons which either have been published or are now in 
process of publication [10, 13]. 


Samples 


The samples selected were from commercial varie- 
ties of cotton: Acala 1517, Coker 100 Wilt, Rowden 
41B, Stoneville 2B, Deltapine 14, and S x P. The 
cottons were selected to provide samples with a 
wide range in fiber properties [13]. While they do 
not represent in all fiber measurements the 
values for their particular variety, they are not un- 
usual for acceptable cottons of these varieties found 
on the commercial markets. 


average 


To facilitate treatment 
and to reduce the difficulties of defibering the yarns, 
these cottons were processed into low-twist yarns of 
16/2 or 14/3 construction. For single-fiber and 
bundle measurements, fibers were obtained from un- 
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processed cottons or by defibering 
and treated yarns. 


both untreated 


Treatment 


In Table I are given the modified cottons which 
will be discussed, the chemical reagents used to ob- 
tain the reaction, and the improvement sought by the 
treatment. Details of the methods used to treat the 
yarns for different modifications will be given in 
separate articles describing each of the treatments. 
Mercerization [9], ethylamine treatment [19, 
carboxymethylation [17, 18], and acetylation |4, 
8] of yarns were carried out essentially as described 
by others. 


201, 


However, during treatments the yarns 
were either allowed to relax completely or were held 
at a constant length or under sufficient tension during 
treatment to maintain essentially their original length 
after treatment. In another series, which included 
aminization [16] and cyanoethylation [2, 3, 6] as 
well as mercerization, ethylamine treatment, and 
acetylation, yarns were permitted to shrink during 
treatment. Owing to limitations in equipment, in- 
vestigation of tensional forces in connection with the 
degree of substitution was limited in some cases to 
comparisons of specimens treated under laboratory 
conditions, free to shrink and at constant length only. 
However, studies are now in progress to determine 
the effects of controlled tensions during treatments 
on the extent of reaction and on the physical proper- 
ties of the modified fibers. 


Results and Discussion 
Differences in reaction of different cottons to a 
given chemical treatment are easily shown either by 
actual changes in the properties or by the changes 





TABLE I. Chemical Modifications Studied at the Southern 
Regional Research Laboratory * 


Reagent or 


Treatment Quality Affected 


Type of Product 





Elongation, luster, 
strength, and dyeing 
Elongation and chemical 

reactivity 
Reactivity and solubility 
(one form) 
Reactivity and dye re- 
ceptivity 


Mercerized cotton Sodium 
hydroxide 

Decrystallized Ethylamine 
cotton 

Carboxymethylated 
cotton 


Aminized cotton 


Chloroacetic 
acid 

Aminoethyl 
sulfuric 
acid 

Acetylated cotton Acetic Resistance to heat, rot, 
anhydride and acids 

Acrylo- Resistance to heat and 
nitrile rot 


Cyanoethylated 
cotton 


* Selected from a report by Fisher [7]. 


expressed as a percentage of the value for the un- 
treated sample. While such differences have been 
found and reported for several different treatments 


[11, 22 


illustrative purposes to property changes occurring in 


the present discussion will be limited for 


samples of Deltapine and Rowden varieties. 

The sample of Deltapine was selected from the 
series for discussion because it represents a popular 
variety widely grown throughout the cotton-produc- 
ing belt and because the properties of the untreated 
cotton and the changes in properties due to modifica- 
tion more nearly approximated the average for all 
the cottons tested than did results from other cot- 
tons in the series. 

The sample of Rowden will be used to illustrate 
changes in properties caused by cyanoethylation and 
acetylation because extensive data have been obtained 
on samples of both native and scoured fibers of this 
cotton, reacted to different degrees of substitution. 


Effects of Treatments on Fiber Properties 


In Table II are given the types of chemical modifi- 
cation, miscellaneous identification, density, and 
moisture regain for untreated and treated samples of 
Deltapine and Rowden varieties. In some modifica- 
tions the degree of substitution differs slightly from 
the range recommended for certain types of products 
but is well within the range recommended for others. 
Equivalent degrees of substitution do not produce 
products of equivalent usefulness. For obvious rea- 
sons the degree of substitution is not equivalent in 
the different 


modifications. results ob- 


tained at two conditions for each of several modifica- 


However, 


tions show that extent of reaction and amount of 
tension during treatment are both important factors 
effecting changes in fiber properties. For acetylated 
and cyanoethylated fibers, measurements were made 
at several degrees of substitution to establish trends 
in fiber properties with degree of substitution. 

Measurements in the upper section of the table 
are results for the Deltapine sample, while those in 
the lower sections are results for the Rowden sam- 
ples. Fiber length and fineness (linear density) of 
treated samples are expressed as percentages of the 
values for the untreated control samples. All other 
data are given in conventional units. 

Moisture regain. Moisture regain at standard 
conditions (70°F, 65% R.H.) was found to depend 
upon both the type of chemical modification and the 
conditions of 


treatment. In samples modified by 


treatment with swelling reagents such as sodium hy- 
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droxide or ethylamine, moisture regain was greater 
than that of the untreated cotton. The increases were 
slightly less for yarns treated under tension than for 
those permitted to shrink during treatment. 

When an entirely new compound was formed by 
chemical reaction, the moisture regain was a factor 
of the chemical groups formed in the reaction. This 
effect is illustrated by carboxymethylation where, at 
a degree of substitution of about 1 to every 3 anhy- 
droglucose units, the product becomes water solu- 
ble [5]. On the other hand, for cyanoethylated [2] 
and acetylated cottons (Cotopa) [14] the moisture 
regain decreased with increase in degree of substi- 
tution. 

Density. The density of cellulose, as measured 
with a gradient column [15], was decreased by each 
type of modification. In mercerization and ethyla- 
mine treatments, which have a decrystallizing effect, 
the shift in density was toward that of amorphous 
cellulose, the measurements lying intermediate be- 
tween the density of untreated cotton, 1.550 g/cc, and 
Hermans [12] 


amorphous cellulose, which con- 


Crystallinity 


Treatment or DS. 
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siders to be 1.500 g/cc. 
aminization the treatments produced modified cellu- 
lose compounds with densities lower than that of 
crystalline cellulose. 


In carboxymethylation and 


In the acetylation and cyanoethylation treatments, 
density values decreased almost linearly with the 
formation of the new compounds. At a degree of 
substitution of 1.0, the density value for acetylated 
cotton was 1.444 g/cc [15], whereas that for cy- 
anoethylated cotton was 1.400 g/cc |10]. 

Fiber length. In most treatments the mean length 
of fibers in a distribution was decreased by modifi- 
cation, especially when yarns were permitted to 
shrink during treatment. When yarns were held at 
their original length during treatment and a tension 
was developed, slight shrinkage occurred upon re- 
laxation in both fibers and yarns because of the 
elastic recovery. If yarns were partially acetylated 
to a D.S. above 1.3, the fiber length was decreased ; 
the effect was attributed to both the swelling of the 
cellulose and to fiber breakage in defibering of the 


yarns. At lower degrees of substitution, such as are 


TABLE Il. Certain Physical Properties of Fibers of Deltapine and Rowden Cottons after Chemical Modifications 


Linear 
Density 
(%) 


Mean 
Length 
(%) 


Moisture 
Regain 
(%) 


Density 
(g/cc) 


Deltapine 14 


Untreated (control) 80% crystallinity 
Mercerized 
Allowed to shrink* 
Restrainedt 
Ethylamine decrystallized 
Allowed to shrink* 
Restrainedt 
Carboxymethylated 
Restrainedt 
Aminized 
Stretchedt 
Acetylated 
Restrained f 


30% crystallinity 
51% crystallinity 


D.S. 0.123 
D.S. 0.045 


D.S. 1.27 


6.8 } 100 100 
(0.94 in) (1.88 grex) 


9.4 ‘ 88 110 
9.0 ‘ 97 100 


7.9 1 104 
7.4 ~) 102 


13, 110 


Rowden 41B 


Untreated§ (control) 80% crystallinity 
Acetylated 
Allowed to shrink§ 
Allowed to shrink§ 
Cyanoethylated 
Allowed to shrink]! 
Allowed to shrink|| 


D.S. 0.60 
D.S. 1.09 


D.S. 0.42 
D.S. 0.61 
* 16/ 
+ 16/ 


yarns treated with no tension on skein. 
yarns held at original length during treatment. 


100 
(0.96 in) 


96 
94 


101 
99 


{ 16/2 yarns treated with no tension, then skeins stretched under about 6% of breaking load during washing. 


§ Unprocessed cotton lint. 
| 16/2 yarns treated with no tension on skeins. 


Comparison made with fibers from the untreated yarns. 





January, 1956 


TABLE III. Certain Physical Properties of Fibers of Deltapine and Rowden Cottons after Chemical Modifications 


Treatment 


Untreated (control) 


Mercerized 
Allowed to shrink* 
Restrainedt 
Ethylamine decrystallized 
Allowed to shrink* 
Restrainedt 
Carboxymethylated 
Restrainedt . 
Aminized 
Stretchedt 
Acetylated 
Restrainedt 


Untreated§ (control) 


Acetylated 
Allowed to shrink§ 
Allowed to shrink§$ 
Cyanoethylated 
Allowed to shrink]! 
Allowed to shrink|| 


Breaking 
Crystallinity Load 
or DS. (%) (%) 


Deltapine 14 


80% crystallinity 100 100 
(5.5 g) (8.1%) 


178 
99 


30% crystallinity 
51% crystallinity 


D.S. 0.123 
D.S. 0.045 
D.S. 1.27 


Rowden 41B 


80% crystallinity 
D.S. 0.60 
D.S. 1.09 


D.S. 0.42 
D.S. 0.61 


Elongation 
at Break 


Tenacity 
oy 
70) 


100 
(2.9 g/grex) 


100 
(2.8 g/grex) 


85 
86 


90 
84 


Secant 
Modulus 


GF 
(Yo) 


100 


(36 g/grex) 


125 


100 


(99 g@/grex) 


101 
102 


91 
89 


* 16/2 yarns treated with no tension on skein. 

+ 16/2 yarns held at original length during treatment. 

t 16/2 yarns treated with no tension, then skeins stretched under about 6% of breaking load during washing. 
§ 

y 


Unprocessed cotton lint. 


16/2 yarns treated in skeins with no tension on skeins. 


recommended for partially acetylating cotton for rot 
and heat resistance, fiber breakage and shrinkage 
combined accounted for a decrease in fiber length 
of about 10% or less. In the studies on acetylated 
samples, fiber breakage differed for different cot- 
tons. Greater amounts of breakage were found for 
acetylated cottons made from fibers of initially low 
elongation at break than for those made from fibers 
of high elongation. Except in cases where fiber 
elongation had been decreased by the treatment, fiber 
breakage was not appreciable. 

Linear density. The linear density of the fibers 
was increased by essentially all of the chemical modi- 
fications evaluated. The per cent increase depended 
on the addition of weight in the formation of the 
cellulose derivative and also upon the shrinkage in 
fiber length. Changes were caused also by the re- 
moval of noncellulosic constituents from the cotton 
and by changes in moisture content resulting from 
the treatment. The principal causes for changes in 
linear density differed with the type of modification, 
as illustrated by mercerization, in which shrinkage 


Comparison made with fibers from the untreated yarns. 


in fiber length and moisture are the factors, and by 
partial acetylation or cyanoethylation, in which the 
addition of mass during the reaction makes the ma- 
jor contribution to the increase in linear density. 

In Table III are given tensile and elastic proper- 
ties of single fibers for the treated cottons expressed 
as percentages of the mean values for the untreated. 
For all treatments except acetylation, the breaking 
loads of the fibers were increased. Some of the pos- 
sible causes contributing to the changes in breaking 
load are: (a) swelling of fibers to increase their 
cross-sectional area and decrease their fibrillar align- 
ment; (b) removal of structural strains by swelling ; 
(c) stretching while swollen to increase the crystal 
alignment; (d) increased rigidity of structure caus- 
ing increased strains when tension is applied; and 
(e) degradation by chemicals used in the treatment. 

These factors differ with different treatments, but 
their relation to the particular treatments will not be 
discussed here. 

Elongation at break. The changes in elongation at 
break of the fibers reflected the changes in breaking 
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load and the tensional forces on the fibers during 
treatment. When fibers were treated in yarns which 
were relaxed, the increases in elongation of fibers 
were usually large even though some of the non- 
recoverable stretch was removed during the defiber- 
ing of the yarns. When yarns were held at their 
original length, the decreases in elongation at break 
were usually small. However, in both cyanoethylated 
and acetylated fibers elongations at break were lower 
than those for the corresponding untreated fibers, in- 
dicating a more rigid internal structure, resulting 
from the chemical reaction, and lower moisture 
regain. 
Tenacity. The tenacity as given in the tables is 
the breaking load per unit of linear density. Causes 
for changes in breaking load and in fiber fineness 
have been discussed. In the cases of mercerized and 
of ethylamine-treated fibers, the computation of 
tenacity adjusts the breaking load for increases in 
In the 


cases of carboxymethylated and of aminized fibers, 


linear density caused by shrinkage of length. 


both the weight added in the chemical reaction and 
the contraction in length enter into the calculations 


TEXTILE RESEARCH JOURNAL 
of tenacity. On the other hand, the changes in te- 
nacity for acetylated and cyanoethylated samples are 
largely due to the increase in weight caused by the 
reaction and are relatively little influenced by the 
contraction of length. Since the correction in break- 
ing load is by weight, the amount of unreacted cel- 
lulose per unit breaking load is significantly different 
in the mercerized from that in the acetylated fibers 
in these experiments. Such comparisons of untreated 
and modified cottons by their tenacities are often 
unfair to modified cottons because of the added 
weight, which was not intended to contribute to 
strength but to improve other properties. Similar 
difficulties are often encountered in the comparison 
of strengths of untreated and chemically modified 
yarns when adjusted to equal counts or of fabrics 
adjusted to equivalent weights. 

Modulus. The secant modulus is a value described 
by Smith as a measure of stiffness [21]. It repre- 
sents an average modulus calculated as tenacity di- 
vided by elongation at break. Changes in secant 
modulus depend upon changes in thre_ properties of 
the fibers: breaking load, fineness, and elongation at 


TABLE IV. The Range in Certain Fiber Properties Found in Chemical Modification of Cottons with 
Different Inherent Characteristics 


Crystallinity 
Treatment or D.S. 


Untreated (controls) 72-83% crystallinity 
Mercerized 
Allowed to shrink* 
Restrainedf 
Ethylamine decrystallized 
Allowed to shrink* 
Restrainedt 
Carboxymethylated 
Restrainedf 
Aminized 
Stretchedt 
Acetylated 
Restrainedt 


21-39% crystallinity 
28-51% crystallinity 


D.S. 0.113-0.135 
D.S. 0.039-0.045 
D.S. 0.98-1.40 
Untreated (controls) 

Acetylated 


Allowed to shrink§ 
Allowed to shrink$ 


D.S. 0.60-0.68 
D.S. 0.96-1.09 


Untreated (control) 
Cyanoethylated 


Allowed to shrink* 
Allowed to shrink* 


D.S. 0.42 
D.S. 0.61 


* 16/2 yarns treated with no tension on skein. 
7 16/2 yarns held at original length during treatment. 


Moisture Mean 
Regain 


(%) 


Breaking 
Load 
o7 
(Yo) 


Elongation 
Length at Break 
(%) (%) 


6.7- 6.9 100 100 100 
(0.94-1.33in.) (4.87.2 g) (5.8-10.2%) 


9.2-— 9.6 
8.6— 9.2 


85-89 109-129 
97-99 109-131 


178-216 
88-125 


91-94 101-112 —-154 
94-98 104-116 


7.9- 8.0 
7.3- 7.4 


12.8-13.2 87-98 108-140 94-119 


11.2-11.5 98-121 114-150 


3.6- 4.4 86-103 67- 87 
6.7 100 100 
(0.86-1.06in.)  (4.2-6.4 g) (7.6-10.5%) 


88-96 
92-94 


91— 93 
88— 98 


78— 84 
80— 88 


100 100 100 
(1.09 in). (7.4) (8.9%) 


101 105 98 
99 104 83 


¢ 16/2 yarns treated with no tension on skein, then skein stretched under about 6% of breaking load during washing. 


§ Unprocessed cotton lint. 
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TABLE V. The Ranges as Percentages of the Untreated in Certain Yarn Properties Found in Chemical Modifications of 
Cottons with Different Inherent Characteristics 


Treatment 


Untreated yarns (16/2) 


Mercerized 
Allowed to shrink* 
Restrainedt 


Ethylamine decrystallized 


Allowed to shrink* 

Restrainedt 
Carboxymethylated 

Restrainedt 
Aminized 

Stretchedt 
Acetylated 

Restrainedt 


Untreated yarns (14/3) 


Acetylated 
Allowed to shrink* 
Allowed to shrink* 


Untreated yarn (16/2) 


Cyanoethylated 
Allowed to shrink* 
Allowed to shrink* 


Crystallinity 
or D.S. 


83% crystallinity 


21-39% crystallinity 
28-51% crystallinity 


D.S. 0.113-0.135 
D.S. 0.039-0.045 


D.S. 0.98-1.40 


D.S. 0.76-0.81 
D.S. 1.20-1.33 


D.S. 0.62 
DS. 0.61 


Breaking 
Load 


(%) 


100 
(950-1724 g) 


120-15. 
122-1 


121-149 
113-154 


119-167 
96-135 
105-137 
100 
(1933-2145 g) 
93-102, 
100-106 


100 
(958 g.) 


134 
123 


Elongation 


at Break 
(%) 
0 


100 
(6.5-8.9%) 


100 
(9.4-11.0%) 


102-104 
148-159 


100 
(8.4%) 


101 
107 


Tenacity 
(%) 


100 


(1.27—2.30 g/grex) 


96-123 
121-146 


115-138 
107-149 


103-152 
91-123 
86-107 


100 
(1.5-1.7 


g/grex) 


82- 87 
76— 80 


100 

.33 g/grex) 
117 
105 


Secant 
Modulus 


(O7 
(%) 


100 


(18-26 g/grex) 


100 


(15.4-16.0 


g/grex) 


80— 84 
48- 54 


100 


(16 g/grex) 


113 
94 


* Treated in skein with no tension on skein. 
t Held at original length during treatment. 


t Treated in skein with no tension, then skein stretched under about 6% of breaking load during washing. 


break. However, an increase in secant modulus in- 
dicates that the rigidity of the fiber is increased by 


the chemical modification either by a reduction in the 
elongation to break or by an increase in the tenacity. 
In these experiments the secant moduli for fibers 


from yarns treated while under a tensional force 
were increased. The secant moduli of fibers taken 
from yarns treated while free to shrink were de- 
creased except in the case of acetylated cottons. 


Variation of Fiber Properties with Cottons 


Differences in the response of cottons to chemical 
treatments were mentioned in an earlier discussion. 
Tables II and III record the changes in fiber proper- 
ties accompanying various chemical modifications of 
one cotton. In Table IV are given the spreads in 
fiber property changes found for the several types of 
cottons investigated in this study. The range of 
values obtained illustrates the variety of effects to be 
expected in treating cottons of widely different ini- 
tial fiber properties. 

The spreads indicated in Table IV were obtained 
from the percentage change of the individual sample. 


t — 


In several treatments the spread is large because of 
the inability to obtain equivalent substitutions by a 
process which had previously given equivalent sub- 
stitutions when applied to repeat samples of a single 
cotton. For several fiber properties the range of val- 
ues is sufficiently wide that fibers from the extremes 
of the ranges would be unsuitable for, or would give 
unsatisfactory service in, a textile product. Pre- 
treatments, trial runs, and accurate control of treat- 
ment have been shown to increase the certainty of 
obtaining equal substitutions in modifications such 
as acetylation [22 However, in the present in- 
vestigations, inherent characteristics of the fibers 
have been found to be important factors in the prop- 
erties of the modified cottons even at the equivalent 
substitutions. 


Variation of Yarn Properties with Cottons 


Effects of chemical modification on properties of 
textile materials are more conventionally measured 
on yarns or fabrics. While changes in fibers are 
usually reflected in yarns, interfiber and construction 
effects often make it impossible to accurately esti- 
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mate from the yarns the changes in fiber properties 
resulting from the modification. In Table V are 
given, for comparison with those of the fibers, the 
spreads of percentage changes in properties of the 
modified cottons, as measured on the yarns. Inac- 
curacies which often arise in predicting fiber proper- 
ties from yarn properties can be illustrated by the 
yarns which were partially acetylated while held un- 
der tension. The average of tenacities of the acetyl- 
ated yarns was essentially unchanged from that of 
those measured on untreated yarns, but the tenacities 
of the fibers from those yarns were significantly de- 
creased by the acetylation treatment. Similar dis- 
crepancies can be found in comparisons of values for 
shrinkage and for linear density, measured on yarns 
and on fibers from acetylated cottons. However, in 
most modifications, satisfactory relations were found 
between the properties of untreated and of treated 


cottons in both fibers and yarns. 


Summary 


Measurements on the single fibers and the yarns 
of several cottons which had been chemically modi- 
fied have shown that chemical modification usually 
alters several physical properties of the cotton fibers. 
The properties changed depend upon the type of 
chemical treatment, the extent of reaction, and the 
tensional forces on the fibers during treatment. A 
spread in per cent change was found between 
cottons of different initial fiber properties when 
chemically treated under controlled conditions, but 
prior to the removal of their natural noncellulosic 
constituents. 


Acknowledgments 


The author wishes to express appreciation to 
members of the Mechanical Processing Section, the 
Cotton Chemical Finishing Section, the Analytical, 
Physical-Chemical, and Physics Section, and the 
Cotton Fiber Section for their assistance with the 
preparation, treatment, and chemical analyses of the 
untreated and treated cotton and for their assistance 
in the testing of physical properties of fibers and 
yarns. 


TEXTILE RESEARCH JOURNAL 


Literature Cited 


. Barker, H. D., The Cotton Research Clinic, Na- 
tional Cotton Council of America, Memphis, Tenn., 
pp. 13-14 (1952). 

. Compton, J., Martin, W. H., Word, B. H., Jr., and 
Barber, R. P., TExTILE RESEARCH JOURNAL 25, 
58-75 (1955). 

3. Compton, J., Martin, W. H., Word, B. H., Jr., and 
Thompson, D. D., Textile Inds. 117: 10, 138A—D, 
188 (1953). 

. Cooper, A. S., Voorhies, S. T., Jr., Buras, E. M., Jr., 
and Goldthwait, C. F., Textile Inds. 116: 1, 97-102, 
194-195 (1952). 

. Daul,-G. C., Reinhardt, R. M., and Reid, J. D., 
TEXTILE RESEARCH JOURNAL 23, 719-726 (1953). 

». Daul, G. C., Reinhardt, R. M., and Reid, J. D., Tex- 
TILE RESEARCH JOURNAL 25, 246-253 (1955). 

. Fisher, C. H., Textme Researcu JourNat 25, 
1-11 (1955). 

. Goldthwait, C. F., McLaren, J., 
Jr., Textile World 96: 2, 
(1946). 

. Goldthwait, C. F., Murphy, A. L., Lohmann, I. W., 
and Smith, H. O., Textite ResEARCH JOURNAL 
22, 540-548 (1952). 

. Grant, J. N., Greathouse, L. H., Reid, J. D., and 
Weaver, J. W., TEXTILE RESEARCH JOURNAL 25, 
76-83 (1955). 

. Grant, J. N., Tie Cotton Research Clinic, National 
Cotton Council of America, Memphis, Tenn., pp. 
55-57 (1952). 

. Hermans, P. H., Contributions to the Physics of 
Cellulose Fibres, Elsevier, New York (1946). 

3. McDonald, A. W., Humphreys, G. C., and Grant, 
J. N., “Physical Properties of Chemically Modi- 
fied Cottons,” Part I (in process of publication). 

14. New, A. A., Textile Colorist 59, 403-408 (1937). 

15. Orr, R. S., Weiss, L. C., Moore, H. B., and Grant, 
J. N., Textimte ReseaRcH JourRNAL 25, 592-600 
(1955). 

. Reeves, W. A., and Guthrie, J. D., Textime Re- 
SEARCH JOURNAL 23, 522-527 (1953). 

. Reid, J. D., and Daul, G. C., TextTiLeE ResEARCH 
Journat 17, 554-561 (1947). 

. Reid, J. D., and Daul, G. C., TextTILe 
JournaL 18, 551-556 (1948). 

. Segal, L., Nelson, M. L., and Conrad, C. M., Trex- 
TILE RESEARCH JOURNAL 23, 428-435 (1953). 

. Segal, L., Nelson, M. L., and Conrad, C. M., J. 
Phys. & Colloid. Chem. 55, 325-336 (1951). 

. Smith, H. DeW., Am. Soc. Testing Materials, Proc. 
44, 543-592, N.B. 589 (1944). 

. Taylor, J. L., and Owens, E. D., Textite RESEARCH 
JourNAL 24, 810-819 (1954). 


Manuscript received October 26, 1955. 


and Voorhies, S. T.., 
115-117, 212, 216 


RESEARCH 





January, 1956 


Improved Weather Resistance by Acetylating 
Vat-Dyed Cotton 
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Southern Regional Research Laberatory,; New Orleans, Louisiana 


Abstract 


Cotton has been made unusually resistant to degradation by weather by first dyeing 
it with certain light-stable vat dyes and following this with partial acetylation. Vat 
dyeing alone or partial acetylation alone do not make cotton significantly more resistant 
to deterioration by sunlight than undyed fabrics, except for a few colors which do have 
a protective effect. However, when these two processes are combined, excellent re- 
sistance to solar radiation is added to the excellent mildew- and rot-resistance of partially 
acetylated cotton. Data were obtained on a number of individual vat-dyed and vat-dyed 
and acetylated cotton materials that had been exposed to outdoor weathering. From 
the results of these tests, it is estimated that the combination of vat dyeing with light 
fast colors and acetylating may more than double the outdoor service life compared to 
cotton vat dyed only, or acetylated only, with somewhat better color retention when the 


cotton has been both dyed and acetylated. 


Introduction 


A new procedure being developed at the Southern 
Regional Research Laboratory promises to make 
suitably treated cotton last two or three times its 
Cotton is, and 
has long been, the principal textile fiber used in 
“outdoor” fabrics. 


usual life upon exposure to weather. 


Its principal weaknesses in this 
field, susceptibility to microbiological and photo- 
chemical degradation, are generally recognized, and 
much effort has been devoted to overcoming them. 

Accurate statistics on the losses due to rotting 
and weathering of cotton fabrics are not available. 
However, it has been estimated by Siu [17] that the 
annual loss due to deterioration of all types of tex- 
tiles by microorganisms is about $75 million, and 
most of these textiles are cotton. 

Because of the economic importance of over-all 
weather resistance, numerous investigations have 
been made on protective treatments to extend the 
outdoor service life of cotton fabrics [4, 8, 13, 15, 18]. 
One of the most successful additive-type treatments 
to resist the combined effect of weather, described by 
L. L. Heffner [13], was applied to many millions of 
yards of cotton duck for military use during World 


War II, but it involved greater increases in weight 

1QOne of the laboratories of the Southern Utilization Re- 
search Branch, Agricultural Research Services, U. S. De- 
partment of Agriculture. 


than are commonly desired. The present paper de- 
scribes a new way of obtaining high mildew and 
weather resistance with much lower gains of weight, 
but without the fire and water resistance features. 
Among the factors that cause microbiological deteri- 
oration are contact with the ground, storage while 
wet, and exposure to high relative humidities, all of 
which promote the growth of the cellulose-destroying 
microorganisms which mildew and rot cotton. It 
had become known that cotton chemically modified 
by partial acetylation was resistant to mildewing and 
rotting, and acetylated cottons developed by Gold- 
thwait [12], Cooper [6], and their co-workers were 
shown to withstand soil burial tests for far longer 
periods than cotton treated with fungicides commonly 
used. 

Incidentally, there is another possible factor in 
weathering. In industrial and thickly populated 
areas there may be traces of acids in the atmosphere 
which contribute to the deterioration of cotton. 
There is good evidence [16].that partial acetylation 
will protect cotton to some degree from attack by 
such acids. 

The other important factor in weathering for con- 
sideration now is exposure to sunlight, some of whose 
ultraviolet rays are especially destructive, even to 
cotton indoors behind glass windows. It is recog- 
nized that the ultraviolet, or short wave-length radia- 





» 
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tions, are in general more active photochemically than 
the visible and infrared portions of the spectrum. A 
review of the literature by Appleby [1] indicated that 
photochemical action on cotton appears to be pri- 
marily of a chemical nature. The work of Egerton 
|9] brought out evidence of the oxidative nature of 
the change caused in cotton by exposure to light of 
wave lengths greater than 3400 A. It was concluded 
that the near ultraviolet light is of insufficient energy 
content to cause direct molecular change in cellulose 
but is able to excite the surrounding atmospheric oxy- 
gen molecules, which then attack cotton. When wa- 
ter vapor is present the activated oxygen is believed 
to react with it to form hydrogen peroxide, which 
causes a more rapid oxidation of the cellulose. 

In weather exposure, undyed acetylated cotton ma- 
terials have usually proved to be about equal to un- 
treated cotton, but they would be better under ex- 
treme conditions which favor mildewing. For dyed 
cottons for outdoor use, the usual acetate dyes, which 
color acetylated cotton of such degrees of acetyla- 
tion as discussed below (17 to 22% acetyl) are, as 
a class, not fast enough to sunlight. 

Many vat dyes are highly resistant to weather, and 
their influence on actinic degradation has been stud- 
ied by many investigators [2, 3, 5, 7, 10, 11, 14}. 


The general conclusions have been that vat-dyed 
fabrics are about equal to similar undyed fabrics in 
resistance to sunlight. 


Some exceptional dyes, how- 
ever, made cotton more resistant to such deteriora- 
tion; others, numerous yellows, oranges, reds, and 
browns, accelerated photochemical attack on the vat- 
dyed cotton. In order to obtain some improvement 
in outdoor fabrics it seemed desirable to add the re- 
sistance to rotting imparted by acetylation to the light 
fastness of vat dyes. Application of the vat dyes by 
standard procedures to partially acetylated cotton is 
not considered desirable because it is usually ac- 
companied by a deacetylation from the alkalinity of 
the dye bath. This saponification of the partial cel- 
lulose acetate to even a small degree has been found 
to detract greatly from its resistance to rotting. 
Since there would be an element of uncertainty at 
best, a more practical approach was to dye the cot- 
ton first and then follow by acetylation. The result 
was much more than a mere additive effect. 


Materials and Methods 


The cotton materials used were a scoured 48 X 
48 cotton sheeting weighing approximately 5.04 0z/sq 
yd and a scoured 12/3 cotton yarn. The sheeting 
was alkali-scoured in rope form in a dye beck, and 
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the yarn in a package dyeing machine. Such open 
boils improve the quality of the acetylation as well as 
that of the dyeing. The vat dyeings were carried out 
by normal procedures described in the A.A.T.C.C. 
Menograph No. 2, The Application of Vat Dyes. 
The acetylation solutions (below) sometimes changed 
the color of the dyed cotton considerably. Compen- 
sation for loss or change of color was effected through 
changes in the usual dye formula of the olive drab. 
It was shown that acetylated dyeings could be made 
“on shade.” Compensation was not attempted in 
the numerous dyeings of individual colors on yarn, 
but it is believed that almost any color desired can 
be obtained little trouble. The acetylation 
process and the laboratory apparatus that were used 
have already been described [6]. The usual acetyla- 
tion procedure is first to presoak the cotton in gla- 
cial acetic acid for at least 4 hr. Then drain off and 
acetylate with a mixture of 25% by volume of acetic 
anhydride and 75% of glacial acetic acid, with 0.15% 
of perchloric acid (based on the mixture). In the 
package machine, for example, this was circulated 
through the cotton for 114 hr at 18° C, to reach about 
18% acetyl. The mixture was then drained and the 
acetylated cotton washed with water. 

Such acetylation usually adds about 16% to the 
weight of the scoured goods, but no allowance has 
been made for the extra weight. 


with 


The strengths per 
unit strip of cloth (counted threads) and per strand 
of yarn were sometimes decreased 5 or 10% by the 
dyeing and acetylation treatments. Breaking-strength 
tests were made by the conventional methods for 
ravelled strips and by sing'e thread breaks for yarn. 
For convenience, all are reported as percentages of 
the fabric as first exposed, whether undyed, dyed, or 
acetylated, etc. All samples were exposed out-of- 
doors to natural weathering in spite of the long time 
required because chemically treated cottons do not 
necessarily respond like natural cotton in accelerated 
weathering tests. In fact it has been observed that 
acetylated cotton deteriorated much more rapidly 


when exposed to a so-called Open Sunshine Arc. 


Dyed Materials and Exposures 


In the initial experiment scoured sheeting was vat 
dyed an 8% shade with a combination of dyes to give 
the military olive drab No. 7. Half of this sample 
was then partially acetylated to an acetyl content of 
22.7%. The resulting two samples, along with an 
undyed sample, were then exposed to natural weather 
tests. They were supported at an angle of 45° from 


the vertical on racks which faced south, in unob- 





January, 1956 
structed sunlight. Samples were removed for ob- 
servation and breaking-strength tests at intervals of 
2 mo, up to 6 mo. 

Unexpectedly, the results wete so good and the 
time so short that the test was repeated, with new 


dyeings and acetylations (17 and 20% acetyl) and 


with samples to cover a whole year of exposure, at 
2-, 4-, 6-, 9-, and 12-mo intervals. 

In view of preliminary results, the next step was 
to try the dyes in the combination separately and 
start experiments to cover the whole range of vat 


dyes as well as representative dyes of other types. 
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Also, with the idea of reducing the time required 
for the weathering tests, dyeings were made on yarn 
instead of cloth. Untreated yarns and yarns dyed 
only, acetylated only, and dyed and acetylated to 
18% were strung, supported only at the ends, as 
parallel strands on wooden frames on the regular 
weathering rack. The separate strands were free to 
move with the wind but any resulting mechanical 
stress seems not to have damaged them. 

Some of these acetylated vat dyed samples, al- 
though they were in yarn form, 


were retaining 


such high strength after 5 mo of exposure that 


TABLE I. Results of Weathering of Yarn for One Year 
(May 1954 to May 1955) 


Depth 
of Shade 


8% 


Dye Names and Colour Index Numbers 


Anthraquinone Vat Blue GCD (1112) 
Same, Acetylated 


Anthraquinone Vat Direct Black RB (Pr 289) 8% 
Same, Acetylated 


Anthraquinone Vat Khaki 2G (Pr 122) 
Same, Acetylated 


Anthraquinone Vat Khaki 2G (Pr 122 
Same, Acetylated 


Anthraquinone Vat Brown R (1151) 
Same, Acetylated 


Anthraquinone Vat Brown R (1151) 
Same, Acetylated 


Anthraquinone Vat Brilliant Violet 4RN 
Same, Acetylated 


(1104) 


Anthraquinone Vat Brown G (1152) 


Same, Acetylated 


O.D. No. 7 
Same, Acetylated 


Anthraquinone Vat Olive R (1150) 
Same, Acetylated 


O.D. No. 7 
Same, Acetylated 


Anthraquinone Vat Direct Black RB (Pr 289) 
Same, Acetylated 


Indigoid Vat Brilliant Blue 4B (1184) 
Same, Acetylated 


Anthraquinone Vat Yellow R (1170) 
Same, Acetylated 


Control Samples Scoured 
Scoured and Acetylated 


Strength Retained (% 
Light 1 3 4 5 
Rating Mo Mo Mo Mo 
8 93 78 70 63 
103 102 100 98 


90 81 
107 108 


71 62 


3 
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the remaining samples were spaced through a year. 

A second large set of yarn samples was prepared 
in the same way with additional vat dyes, acetylated 
to 18%, and exposures started at a different time of 
year. Although their exposure is not complete at 
this writing, the results observed so far (up to 6 
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months in Table II) can be judged in the light of the 
tests which have been completed. 


Results Obtained 


The strength retentions of acetylated vat-dyed, 
vat-dyed only, and untreated sheetings during 6 mo 





TABLE II. Results of Weathering of Yarn for Six Months 





(Septemper 1954 to March 1955) 


Depth 
of Shade 


Dye Names and Colour Index Numbers 


Anthraquinone Vat Jade Green (1101) 8% 
Same, Acetylated 
Anthraquinone Vat Blue BF (1113) 8% 
Same, Acetylated 
Anthraquinone Vat Blue BCS (1114) 8% 
Same, Acetylated 
Anthraquinone Vat Brown BR (Pr 118) 8% 
Same, Acetylated 
Anthraquinone Vat Yellow G (1118) 8% 
Same, Acetylated 
Ponsol Red RLt 8% 
Same, Acetylated 
Anthraquinone Vat Red BN (1162) 8% 
Same, Acetylated 
Anthraquinone Vat Navy Blue RT (1100) 8% 
Same, Acetylated 
Ponsol Red G 2 BNt 8% 
Same, .\cetylated 
Anthraquinone Vat Yellow 5 GLL 8% 
Same, Acetylated 
Anthraquinone Vat Orange RRT (1098) 8% 
Same, Acetylated 
Ponsol Red FGt 8% 
Same, Acetylated 
Indigoid Vat Brown G (Pr 121) 8% 
Same, Acetylated 
Indigoid Vat Orange R (1217) 8% 
Same, Acetylated 
Anthraquinone Vat Brilliant Yellow 4G 8% 


Same, Acetylated 


Control Samples Scoured 
Scoured and Acetylated 


* Phototropic. 


Strength Retained (%) 





Light 1 2 4 6 


Rating Mo Mo Mo Mo 
7 112 105 91 79 
109 104 102 104 

8 92 88 77 63 
105 100 97 93 

8 93 88 82 77 
100 103 104 93 

7 68 60 52 

97 89 98 85 

‘i 76 71 57 51 
95 95 82 82 

79 70 65 48 

87 79 68 73 

8 76 67 54 44 
92 90 77 70 

7 69 61 49 49 
94 89 67 67 

8 82 69 55 46 
95 83 72 67 

75 aS 48 39 

90 78 75 64 

6 65 55 39 34 
91 77 71 63 

86 72 60 53 

91 87 68 61 

5 60 47 43 33 
90 81 68 60 

4 68 57 49 40 
83 67 60 54 

4 65 52 42 36 
90 70 69 53 

79 71 66 54 

86 71 62 53 


Will reoxidize to original shade with a mild soaping. 


t The mention of trade names does not imply endorsement of products by the Department of Agriculture over similar 


products not mentioned. 
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This 
dyeing was olive drab No. 7 made from a combina- 
tion of Anthraquinone Vat Khaki 2G, Anthraquinone 
Vat Brown R, and Anthraquinone Vat Direct Black 
RB. 
showed the very high strength retention of approxi- 
mately 90°, but the untreated cotton and the dyed 
sample behaved about alike and showed only 50%. 
From these limited results it was apparent that the 
combination treatment had imparted unusually high 
weather resistance. 


of exposure to weather are shown in Figure 1. 


After 6 mo the acetylated vat-dyed sample 


The results of the first full year of weather ex- 
posure for sheeting colored with the same dye com- 
bination as before are shown in Figure 2. Again, 
after 6 mo of exposure, the acetylated vat-dyed 
sample had about 90% strength retention, while the 
untreated control sample, vat dyed only, and. cloth 
acetylated only, had each retained about 50% of 
At the end of 12 
mo the acetylated vat-dyed fabric still retained about 
75% 


35%. 


their original breaking strengths. 


strength while the others were down to 30 
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A-VAT DYED AND ACETYLATED 
B-VAT DYED ONLY 
C-UNTREATED CONTROL 
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Fig. 1. Retention of strength during weather exposure. 
Olive drab No. 7, shade on sheeting, acetylated, and exposed 
‘rom September 1951 to March 1952. 
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Fig. 2. Retention of strength during weather exposure. 
Olive drab No.,7, shade on sheeting, acetylated, and exposed 
from March 1952 to March 1953. 


Results 
the 


were as good or better for some of 


yarns. The percentages of original breaking 
strengths retained by unacetylated vat-dyed and by 
acetylated vat-dyed cotton yarns, after weathering 
The 


first figures for each pair are for the yarn-dyed only, 


for periods up to 12 mo, are shown in Table I. 


and the second, for the dyed yarn after it had been 
A number of the acetylated vat-dyed 
samples had 50-85% strength retention after a full 


acetylated. 


year of exposure, but the undyed acetylated and un- 
treated yarns deteriorated beyond any point which 
would represent any practical utility, to 24 and 18%, 
respectively. Some of the dyes exerted an appreci- 
Sev- 
eral had 50% or higher strength retention after 8 mo 


able protective effect without the acetylation. 


of exposure, as compared with about 30% for the 
controls, and with lower or intermediate figures for 
the other dyed yarns. In all of these cases, however, 
the acetylated dyed materials were much better than 
the unacetylated. 

Results with additional vat colors that were dyed 
on cotton yarn, with half of each dved lot acetylated, 
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and that have been exposed so far to 6 mo of natural 
weathering are shown in Table II. 
this table and in 


From the data in 
Table I and from visual examina- 
tion of the yarns, it is evident that although all are 
faded, the samples which retained the most color had 
the highest percentages of strength retention. Even 
vat dyes which are recognized as promoting deteri- 
oration of cotton textiles under ordinary conditions 
' of exposure to sunlight were rendered less active by 
acetylation. That is, the acetylated dyed cotton re- 
tained appreciably more strength than the corre- 
sponding unacetylated dyed material. 
be found in the tables. 


Examples can 


Cottons dyed with a few basic, direct, sulfur, and 
naphthol dyes were acetylated, but without any prom- 
ising results. 

Losses of color of the vat dyes upon exposure 
could not well be estimated on the small amounts of 
yarn available. 

The complete “history” of the deterioration of the 
most resistant samples is not yet known because some 
of them seem to need considerable more time to 
reach 50% loss of strength. It is not possible to pre- 
dict whether this would take place gradually or by 
a sudden drop. Much depends upon the time of year, 
and it seems quite possible that the difference in the 
courses of the curves in Figure I from those of the 
first 6 mo of Figure 2 are due to differences in 
weather conditions. 

Percentages of acetyl for most effective protection 
are being determined. The preliminary indications 
are that protection improves with acetyl content. 
However, no limits have been determined, and it may 
be quite possible that different percentages may be 
most favorable for different dyestuffs. If it is as- 
sumed that the time required to reach 50% retention 
of strength represents the service life of cotton goods, 
a life of three times normal is indicated for the fifth 
to tenth items in Table I. The samples dyed but not 
acetylated have reached about 50% in 4 mo while 
those dyed and acetylated required 12 mo to reach 
similar values. 

Outdoor service tests on sewing thread and cords 
are now being made. 


Conclusion 


Suitable dyeing plus chemical modification promise 
cotton goods of two or three times the usual length 
of life of similar goods which are dyed only, when 
exposed to the full effects of weather. To obtain 
this result, cotton dyed with selected vat colors which 
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are fast to light is acetylated to about 18%. The 
combination of the two processes, dyeing and acetyl- 
ation, has a far greater effect than either process 
alone and much greater than could be predicted 
from their combination. 

Although there is fading and cost might be high, 
the outstanding resistance to deterioration of the 
cotton suggests that products prepared as described 
should be tried in appropriate end uses. 
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